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PREFACE. 

■1 

Though our national requirements are perhaps the 
*grea!&st, it is% noteworthy that our contribution j to i the 
technology 06 hydrogen is probably the least* of any 
of the Great Powers ; so, should it happen that this 
*^ork in any way stimulates interest, resulting in 
fu^her^ improvement in the technol^y of the’ subject, 
the aythor will feel himself.more than amply rewarded. 

The ^hor would 1 like to express his thaflks ti/ 
th£ Director of Airship Productiuii fqr permission to 
' publish this l)ook, and to 'Major L. Rutty, R.A.F., 

$ 3 

for many helpful suggestions in the compilation of 
the text and assistance in confecting the proofs. 

’ H * 

P.’ L. T. 


Eynskord, Kent. 
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CHAPTER I. 


HYDROGEN^-ITS USES—DIS^pV^RY, AND OCCUR¬ 
RENCE IN NATURE. 

« 

«• 

# The Uses* of Hydrogen. —Jhe commerced* pro¬ 
duction of hydsogen has received a great stimulfls dur¬ 
ing the last few years owing tc^its beipg required for 
industrial and war purposes in quantities never previously 
anticipated. * » , 

yhe.discoveries of M. Sabatier with regard to the 
cotiveijion of olein and othe* unsaturated fats and their 
corresponding acids into stearin or stearic acid «havo 
crewed an enormous demand for hydrogen in every in¬ 
dustrial country ; ’ the synthetic production ®f ammonia 
'by the Haber*process has produced another industry 
with great hydrogen Requirements, while the Great War 
has, through the development of the kite balloon and 
airship, made requirements for hydrogen* in excess of 
the two previously mentioned industries combined. 

The increase in hydrogen production has’modified 
the older processes by which it" was made, agad has ajso 
led to the invention of new processes, with the rpsuit 
that the cost of production has decreased and \vill prob¬ 
ably continue to decrease, thus allowing of its employ¬ 
ment in yet new industries. * P 

► • 

1 The weigh? of oil hardened by means of hydrogen in Eflrope 
•in 191*4 probably exceeded 250,000 tdns. 
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c The Discovery of Hydrogen.-fThe discovery of 

• hydrogen ghould be attributed <! to Turquet de Mayerne, 1 

Who in 1650 obtained, by the action, of dilute sulphuric 
acid on iron, a c gas, f or'“ inflammable air,” wh iA w e now • 
know to have been hydrogen. f , ' 

Turquet de Mayernt recognised the gas fya obtained* 
as a distinct substance. Robert fioyle 2 made soml 
experiments with it/but c many of its mofp important 
properties were not discovered until Cavendish’s investi¬ 
gations^ beginning in 1766; while the actuaVname 
“ hydrogen,” meaning “ water former,” was given 1 9 
the gas by Lavoisier, who may be regarded as the first 
philosopher to fenogniie its elemental nature. 

i Occurrence in Nature. 

Hydrogen occurs in small quantities in Nature, in 
the uncombined state. It is found in a state bf con¬ 
densation in many rocks and in some Specimens ol 
meteoric iron. j lt { is present in the gaseous discharges 
from oil and gas wells and volcanoes, and is also a con¬ 
stituent to a very minute extent of the atmosphere. 

Hydrogen in the uncombiried state exists in enor¬ 
mous 1 masses upon fhe sun, and is present in the 
“ prominences ” observed in solar eclipses, while b) 
pptical means it may also be detected in many stars anc 
nebulae. 1 

c * 

1 Paracelsus, in a similar experiment in the sixteenth century 
obtained the same gas, but failed to recognise it as a distinct sub 
Aance. 

___ 2 Experiments touching the Relation between Flame am 

Air/’ by the Hon. Robert Boyle, 1672. . 

* James Watt, the discoverer of the stea-i engine, did many similg 
experiments about the same t\me, but his interpretation of hisuesult 

• was infused by his over-elaborate theories. 
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In tlfe combined state hydrogen is exjreinely abun- 
dant. * It is»present to tbe*extent of one parkin ijine (by- 
weight) in water, and is a constituent of all acids afid 
• most cyjgariid compounds. , , * 

# ftSRocks.—In a state of y occlusion,” or molecular 
•condensation, hydrogen*is to be found in most igneous 
rocks in*ltssociltion with other gases, the total volume 
of occluded^ases being on th* average about 4^5 times 
the volume of the rock. 

The following analyses of Sir William Tilde#. 1 give 
the composition of the occluded gases in several rocks 
, from different parts of the A'orld :— 


Granil^ . Skye . 
Gabbro . Ljzard 
Pyroxene Ceyton 
gneiss. 

Gneiss . Seringpatam 
Basalt . Antrim 


Carboy 

Carbon 

Me$ane. 

—- 

Nitro- 

Dioxide. 

Monoxide. 

— 

|en.. 


5-13 6168 

1-90 ^8-42.. 
ri6 I2’49 


S-36 1 
• 20-98 T 


• » 

In Meteoric Iron,—An examination of certain* 
meteoric irons, made by Sir William Ramsay Dr. 
Travers, 2 showed that these contained occluded gas, and 
that this gas was hydrogen :— , • • 


Description of 
Meteorite. 

Weight Taken. 

• 

Hydrogen Evolved. 

Toluca 

Charca 

Rancho de la Pila 

• • 

• 

, i grm. 

>> 

>1 . 

2 "8 c.c. • 

*57 >» 

• 


1 “ Proc. Roy. Soc.,” 1897* 


s Ibid. 
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Qbservang that meteoric* iron contains Occluded 
hydrogen, it is interesting to note that the Examination 
oi* steel shows that ij'alsp possesses this property of £on- 
dehsing gases. c St gel of thj,|, following comfiesitigp— 


* t fc 

Combined carbon ‘ . 1 . .. 

« Perfi*it. 

. <¥10 » 

• * • jr ,.' o8 ° 

Silicon. 

Manganese 

■050 

Sulphur . . « * 

.9 

6 

to 

00 

Phosphorus .... 

. . . *0I0 

*# 

• 1 • 99*013 

• 

t Iron c (by difference) . 

« 

• IOO'OOO 


in pieces 6 x i x*ucm. if as heated (ultimate temperature 
979°-C.) for ten days in va(uo and the gases evolved 
analysed, with the result that they were found to have 
the following composition* . 

# Per Cent. 

*. q * • by Volume. 

TT..J_ * __ 


Hydrogen . . . . . . 52^00 

Carbon monoxide*.45'5 2* 

• * „ Sioxide * . . . . . . r68 

* • 

, Methane., -72 

1 Nitrogen.# a . . -08 



The total weight of steel was 69^31 grammes, while 
the totalyolume-of gas evolved was i9’86 c.c. 1 

u An examination of'a defective Admiralty bronze 
casting showed that there was an appreciable quantity 
qf occluded gas in it 4 containing 7 6 per cent, of hydro¬ 
gen by volume. 2 

e 1 “ Gases Occluded in Steel,’’ by T. 3 aker, Iron and Steel Institute, 
“Cajntgie Scholarship Memoirs,” vol. i., 1^09. * 

2 “ An Investigation on Unsound Castings of Admiralty Bronze 
•by IfrC. H. f arpenter and C. F. Elam, Inst, of Metals, ,1918. 

*6 C * 
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In discharge from* Off’and -Gas .Wells.-rThe 

gas discharged from g;fs and oil wells cogtain^ small 
qu^itities of hydrpgen, as will spen from the follow¬ 


ing anjjJj^es'of natural gas discharges iq Pennsylvaflia, 
Wes^Virginta, Ohio, Indiana, and Kansas, . 

» , * 


«. Av^ra^e Composition by Volume. 1 


% 

Pa. & W.*Va. 

Ohio & Ind. 

Kansas. 

Hydrogen . * 

' I0 , 

'■so 

* ,»oc» 

Carbon dioxide . * 

'°S 

•20 

. ' 3 ° 

Sulphuretted hydrogen 

. -OO 

•is 

•00 

Oxygen .... 

trace 4, 


•00 

Carbon monoxide . 

* ' 4 ° 

' 5 ° 

1*00 

Methane 

,80-85 

93-60 

93*65 

Other hydrocarbons 

14*00 

•30 . 

• -25 

Ni*ogep 

* 

4-60 

-»-.— 

3-60 

4-80 


In Gases from Volcanoes.' 1 2 —The nature of th*e 
gases discharged from volcanoes hfes been most care¬ 
fully studied from about the«micyilt?of the last century, 
with the result that th# chemical composition of the gas 
discharged has beeif determined at many different Vol¬ 
canoes, and at different times at the same tjolcano. 
From these investigations it would appear that if! the 
more violent discharges there are very cftpsiderable 
amounts of hydrogen, while in.the more placid eruptions 
there is little gas of any description, except stdhm, 
generally accompanied by water containing mtfiWal 
salts, • • 

1 U.S.A. Geological Survey, “ Mineral Resources or* ’ 

1909, 2, 297. # # * 

2 ,For further information on this subject see F. Vi. Cfarke’s 
“The Data of Geochemistry,” U,S.(?.S., Bull. 616. 
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Below given analyses erf volcanic; gas frofn differ¬ 
ent par{s of„the world by different authorities :— 

' Front a group ,of fumaroles at. Reykjalidh, Jce- 
laM': — . . ' f* 


Hydrogen . 

Oxygen 
Nitrogen . 

Carbon dioxide 
Sulphur dioxide 
Sulphuretted hydrogen 




50-00 


24-12 

_•£ 

99-C,8 


From a fumarole onJMonl Pelee, Martinique ' 1 :— 


Hydrogen . r 

. 8-12 

Oxygen . . . e . 

• i 3' 6 7 

Nitrdgerv . 

• ' 5494 , 

Carbon dioxide . 

■ ■ 15-38 

Sulphur dioxide . . . * 

-» 

Gwbon monoxide .... 

.* 1 -6o 

Sulphuretted hydrogen 
c Methane , *. > . . 

. S ’46 

Argon . < f 

. , . -71 

• 

•v r r 

99-88 

Frqpn Kilauea 3 .-■— 


Kydrogen . 1 2 . 

. . IO"2 

Oxygen*- . 

9 Nitrogen . • . 

— 

. 1 1 -8 

^Carbon dioxide . ' . 

• 739 

„ monoxide .... 

. 4-0 

'Sulphur dioxide . 

— 

t * 

C 

99'9 


l R. W. Bunsen, “ Annales Chirn. Phys.,” 3rd ser., vol. 38, 1853. *, 

2 *Hr Moissan, “Comptes Rend.," vol. ^35, 1902. 

* A. L. Day and E. S. Shepherd, “ Bull. Geol. Soc. America," > 
v«l. /i, 1913. • f 
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I M 


FroM Santonn 1 .-- 

rfydrogeti . 

Oxygen 

’Nitrogeij. . ( 

CaW^n dioxide*. 

monoxide . • ( 

ivfetnhne . . * 

Sul{ftwretted*hydrogen 

% • I 




2 9'43 . 
‘• 3 * . 
3 2 '97 t 
36-42 

•86 


100*00 


fn Clays.*—Not only is hydrogen present, in most 
igneous rocks { but it is to be ftfund to a smalj extent 
in some clays. Sir WHliam Crooks, O.M., F.R.S., 
was kind enough to investigate for* the author the 
‘‘gases occluded in the celebrated “Blue Ground”— 
a slay^in which the Kimberley diamonds afe found. 
This clay was found to contain gas composed of 82 
per cent., of carbon dioxide, the bulk of the residue 
bejng oxygen and nitrogen, with detectable traces of 
■ hydrogen. 

In Air.—As is nqt surprising, hydrogen is present 
in the atmosphere. ta a very small extent, as wiil^ 5 e 
seen from the following analysis of air under ^tveragt 
conditions. It is doubtless derived from the sources 
already mentioned, and also from the deca^ of organic 
matter containing hydrogen. • ,* • 

The following represents’the average jcompositipn of 
normal air:— 


Nitrogen . 
Oxygen 

Aqueous vapour 


Volumes per 1000. 

r » 

. 769-500 

.» 20^594-%,., 

. 14 'OQO » 


1 F. Fouque, “ Santorin et ses eruptions,” Paris, 1879. 








t 

• • 

i Argon " «. 

* Carbon dioxide 

* Hydrogen . 
'Ammonia 

C)zone 
Nitric acid . 
Neon . 

Helium 

Krypton 

Xenon 


HVDRQGEN 




Volumeter 
, 9 - 358 . 
' ’ 33 6 


• t 

IOC 


•19 



'OOI 


# 'OOI 

■00005 








CHAPTER II. 


THE CHEMICAL PROPERTIES OF HYDROGEN. 

* • « 

Hydrogen in the free state has a capability of enter¬ 
ing into combination with a large variety of substances, 
forming chemical compounds, while hydrogen in the 
combined state reacts with many other chemical com-* 

pounds, forming new compounds. 

• • 

Reaction of Hydrogen with Oxygen in the Free * 
. * State. 

ily fas the most important chemical reaction of hy¬ 
drogen is undoubtedly that which it enters into with 
oxygen. When hydrogen is mixed with.oxygen .and 
the temperature of the mix*ed gases raised, they cofri- 
bine with explosive Violence, producing steam. T£>is 
reaction may be expressed by the following equation , 
2 H 2 + 0 3 = 2 HoO. , * , 

If a stream of hydrogen issues into air a*sd a light is 
applied to it, it burns (in accordance with .‘the abchre 
equation) with an almost non-luminous .ilame. (iThi» 
reaction is, of course, reversible, i.e. a stream ,o£„air 
would burn in the same way in # an atmosphere of hy¬ 
drogen.) It was discovered by P'rankland 1 that while 
at atmospheric pressure the flame of hyd?ogen b"u?fifng’ l# 
in oxygen is almost non-luminods if the pressure is 

1 “ Proc. Royal Soc.,* 1 vol. xvi., p. 419. 

( 9 ) 
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increased tp two atmospheres the flame is Strongly 
luminous. * • . 

* The combination 'of oxygen and hydrogen is most 
‘violent if the ^two gases Jye present in \he relative 

quantities given in the equatiop, viz.'twc/volume# of 
hydrogen and one of oxygen. «If one or othpi<if the* 
gases is in excess of these quantities tRe violent#* of the * 
reaction is reduced an<j the^quantity of the gas in excess 
of that required by the equation remains as a residue. 
When one gas is enormously in excess^ of the*other 
a condition may arise in which the dilution is so great * 
. that on sparking the mixture, no reactiorf takes place. 1 
Mixtures of air an,d hydrogen iq which the air is under 
20 per cent. (i.e. under 4 percent, of oxygen) of the^ 
total volume belfave in this way. 

This point is of importance in airships, as, providing 
the purity of the hydrogerf in the envelope is above 
86 percent, by volume, an internal spark in the envelope 
will not cau§e an explosion, but if the quantity*of 
hydVogen by* volume falls ^elow this amount there is a 
ri§k of explosion ; hence the procedure* of deflating 
ai?Skips when the purity has dropped to 80 per cent, 
fiydro^jn by volume. 

'rtie Temperature of Ignition of Hydrogen and 
Cbcygen.-AVhen t the two gases are mixed in the pro¬ 
portion of*two volumes of hydrogen and one volume 
of oxygen it *has been found that the temperature of 

the* mixed gases must be raised to about 580° C. s 

• • 

1 Schpop states that when either gas contains 6 to 8 per cent, 
toof thawiht# it i»explosive. 4 

^Victor Meyer, “Berjchte," No. 16, 1893, gives the temperature 
of violent jeaction as 612-15° C. Gautier %nd Helier, “Comptes 
Rend.,” 125, 271, 1897, give abftut 550° C. 
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before Explosion takes * place. However, Professor 
Baker 1 ha? shown that? if the two gases are not only 
perfectly pure but also perfectly* dry (dried by being 
kept iq^conftict for as 4 ong ^ three weeks with anhydfbus " 
phosphoric Itcid) ,at the temperature of iooo° C.„ they 
*do nftKcombine, but even in this dry condition they 
'will explode w 4 th*an electric spark. 2 This phenomenon 
is of great jpterest, and open^ ^ v«de field of philosophic 
speculation, but the conditions of purity and dryness are 
suclf fhat thi^ high temperature of ignition can never 
•be attained under.commercial conditions. 

Professor Baker has also shown that, when a mixture* 
of ordinary hydrogen and oxygen is.exposed to the in- 
kfluence of strong sunlight, the two gases very slowly 
react, with the production of water *in nfinute quan- * 
yties. * t 

Hi the experiment by which Professor Baker made 
this discovery he placed a mixture of these two g&ses*in - 
a ^tate of great purity but not oP absolute dryness (in 
the ratio of two volumes, of., hydrogen* and onh .of 
oxygen) in a hard glass tube closed at one end and 
sealed at the other by*mercury. This tube was exposed 
outside a south window for four months, from September 
to’December, at the end of which timfc it was *found, 
after due correction for temperature and p‘ifessure, that 
the mixture of the two gases had contracted by ^ of*its 
original volume 3 by the formation of water. A siaiilaf 
experiment with the gases in an exceptionally dry'state, 

„ • * 

1 “ Jour. Chem. Soc., April, 1902. „ 

2 Dixon, “Jour. Chem. Soc.," vols. 97 and 98.* * r '* 

* 3 The volume of the resulting watqr is almost negligible, as 
one volume of hydrogfen and oxygen in the ratio statpdf produces, 
only -006 volume (approximately) sf water. 
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but otherwise undet exactly similar conditions,*showed 
no Guch ( Contraction. * ‘ * 

* Whether the unioft of hydrogen with the infiltrating 
‘ oxygen of the a^mosphfere titles place m afrehij^envel- 
opes, .which are comparatively transparent, fias not been 
determined, but since in airship‘practice there^Viever* 
more than 4 per cent, of oxygen in tTie*envel»pe, it is* 



to be anticipated that such action, if it took place, would 
of necessity be relatively slower. 

The temperature of ignition of varying mixtures of 
hydFdgen and oxygen has been most carefully studied 
by‘Professor H. B. Diton, 1 who, besides much very in- 
^geniqjis, apparatus, employed the cinematograph for ob¬ 
taining conclusive evidence of the conditions prevailing 

,during e'xplosion. * , 

• 

l “JotK. Chem. Soc.,” vols. 97 and 98, and vols. 99 andjLoo. * 
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By means of adiabati'c compression, the temperature 
of igrtition of different mijftures of hydrogen and oxygen 
was determined, with results which may ’be seen <,in 
Fig. 1. Frf<om a study of this curve it will be noticed 5 
that the mok easily ignited’ mixture is not one in which 
•the p*o$prtion of hydrogen to oxygen is as two to one, 
•as migihf perhaps be expected, but when the ratio is 
one volume of hydrogen to four qf oxygen. 

Ionian Temperatures of Hydrogen and Oxygen Mixtures. 
'As deteifnined by Prof. H. B. Dixon, M.A., F.R.&.)* .1 
(V ”yiition by Adiabatic Compression.) 


— - -- ( -p* 

Composition oi Mixture. 

By Volume. 

Ignition 

Temperature. 

■v 

Oxygen. 

Hydrogen. 

V 

0 Centigrade. 

< 

33*33 

IOO 

S 57 

40 

J» 

A 542 

5° 

M 

, 

iqp 

. 

53 ° 

■ 5 ° 

0 

S2S 

200 „ 

» »> 

520 

250 

n 

5 >6 

300 

11 

512 • 

35 ° 

>) 


400 

n 

5 ° 7 * , 

... -T 


The temperature of ignition of a mixture fired by 
adiabatic compression is lower than when the > same 
mixture is fired by being heated,in a glass or silica t^be 
at atmospheric pressure Professor H. B. Di xo n in a 
private communication to the author states*that he found'’ 
the ignition'temperature of electrolytic gas under the j 
latter conditions to be 580° 6. 
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Besides studying the. temperature of ignition of 

varlbus gaseous mixtures Pfofessor H. B« Dixbn in¬ 
vestigated the naturae of explosions' and found that 
* Berthdot’s conception'o'f aq explosion as being an ad¬ 
vancing locus of high preslure f and of raf>id cneijiical 
change, which he described as.“l’onde explosjarqj” was 
fundamentally correct. * * «* ® 

Without going in^o detail with regard to this very 
interesting subject, it may be stated that “ the velocity of 
the explosion wave in a gaseous mixture is nearly equal 
to the'velocity of so>ryl in the burning gases". • 

, While this statement does not satisfy all cases of 
gaseous explosion, t it mot/ be regarded as fundamentally 
correct, exceptions to the rule b&ing capable of explana-* 
tion on the basis‘of undoubted secondary reactions. 

On the basis of this relationship between the*velocity 
oY sound in the burning gases and the velocity «f ex¬ 
plosion, Professor H. B. Dixon calculated th*e velocity 
of the explosion wa» 7 e in certain gaseous mixtures and 
also determined* it experimentally, with the results given 
below:— * , 


V- 

ft 

^ . 

v Gas Mixture. 

• • 

Velocity of Explosion Wave in 
Metres per sec. 

• 


Calculated. 

Found. 

* • 

• • 

8H2 O2 

* 3554 

3535 

• « 

• 

H‘2 + 3O2 

'74° 

4- 

1712 


u While it fias been said that the temperature of ignj- 

4 1 ‘iThe Rate of Explosion in Gases,” byH. B. bixon, Bakerian 

Lecture, Phil. Trans. Royal Society, r8gs. 
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tion of‘hydrogen and oxygen in, their ipost readily 
ignited proportions must lie at some point at least '500° 
C. in the mixture of the gases, this statement requires 
modification in that, though. it is perfectly true in the case 1 
of » mixture: of the gases* contained in glass or non- 
pprous vessels, in the presence of certain substances of 

• a porous nature 'this temperature of ignition is greatly 
reduced. This is particularly ,?o^n the case of platinum 
in a spongy condition. If a piece of spongy platinum 
is in*i*)duced at ordinary atmospheric temperature into 

• an explosive mixture of hydrogen and oxygen, 'the 
platinum is observed to glow and an explosion almost, 
immediately takes places Thi^propeyfey is more marked 

• if the platinum is in t^ie spongy condition, but it is 
equally true if it is in the form of wire'or foil. , 

*There is no complete explanation of this phenomenon, 
but k has been observed that certain substances possess 
the property of absorbing many times their own volume 
of different gases, and that these aWsorbed gases possess 
a greatly increased chemical activity dvef their normal 
activity at the same temperature. Neuman and Strientz 1 
found that one volume of various metals in a finos'iAte 
of division is capable of absorbing the following r 4 nount 3 
of hydrogen:— ’ •> 


Palladium black . 
Platinum sponge 
Gold . 

Iron . 

Nickel 
Copper 
Aluminium 
Lead . 


502-35 volumes. 
49‘3 ’ 3. 

4^3 >. * 

19-17 ,, 0" 

I 7'57 
4'5 v 

2*S]2 

•15 » * 


1 “Zeitschrift fur analytische chemie,” vol. 32. 
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This prpperty of certain substances, without them- 
selyfes undergoing chemical Change,’ of beang able to 
impart Increased chemical activity to the gases they 
c absorb is not confined to th^metate, but is possessed by 
charcoal (particularly animaTch^rcoalJ,’magnesite bjick, 
and probably to sorrte extent by all porous substance 
It is a subject of very great interest, dnd< in matey cases' 5 
of practical importance 2 which is now becoming a sub¬ 
division of Physical Chemistry, under the name of “ Sur¬ 
face Energy 

The Temperature Produced by the Ignition of 
“^Hydrogen and Oxygen.—In the previous paragraph 
the temperature at which the ignition of hydrogen and 
oxygen begins has been given, and now the temperature 
r which thfe flame reaches will be considered. t 

fC 

t Bunsen determined the^ temperature of the flame 
produced to be ;— « 

c ( 

Flame of hydrogen purning in air . . 2024” C. • 

, » f „ oxygen . . 2844° C. 

0 . f < • c 

A later determination by Eery (“ Comptes Rend.,” 

, ip'oa, 134, 1201) gives the values i$oo° C. and 2420° C. 
Vespeclively, while Bauer (ibid., 1909, 148, 1756) ob¬ 
tained figures for hydrogen burning in oxygen varying 
from 2 200°tC. to 2300" C., according to the proportion of 
oxygen present. 

*• The reason that the (fame of hydrogen burning in 
oxygan is hotter than the flame produced in air is due 

< 1 It is contended by Trdost and Hautefeuillc that in the case of 
palladhyrC the ( absorption of the hydrogen is chemical and not 

* physical, palladium hydride (I’djH) being formed, • 

2 Tjia Bonecourt flameless boiler depends on th£ surface energy 

* of magnesife brick. , 
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to the fa£t that tlje speed of btfrhing in oxygen is greater 
than in air, because of tffe absence of any djjutiqn, aftd 
also because the nitrogen and pthej- inert constituents 
* in the ait at ^ themselves halted at the pxpense of tfie 
flams temperature. 1 . • 

.Thft calculated valu 5 for the flame temperature of 
fiydrogeh* burnfng in air, assuming that the heat of 
reaction is c^stributed among, »he» inert constituents of 
the air, is 1970° C. (Le Chatelier), and this agrees ap¬ 
proximately wj^h the above figures of 2024‘^C. and 
fcjoo' C. • ^ 

A comparison between the flame temperature of 
hydrogen and other gasos burning in ait- is given in the 
following table :— • 

* Hydrogen - ..... 1 <Jbo° C. 

• Acetylene 3 ..... 2548° C. 

Alcohol-.i7°5°C. 

Carbon Monoxide 4 .... 2ioo°C. 

J 

The Quantity of Heat Produced* icy Burning 
Hydrogen.—The temperature of* ignition and the flame 
temperature of hydrQge.11 have already been considgjed. 
It now only remains for the quantity of heatjiroiuced * 
by a given weight of hydrogen to be »considerad in 

comparison with some other gases combustib 4 % in air. 

• • 

1 In the case of Zeppelin airship^ brought down in Haines, it is 
not surprising that considerable amounts of molten flietal have b8en 
found in the locality, observing that the melting point of aluminium 
is 657“ C., copper 1087° C. 

2 Fery, l.c. 

3 Fery, l.c. The temperature of acetylene burning in (iWygen is 

about 4000 3 C., bpt this arises from circumstances not present in-the 
case qf hydrogen flames. * * * 

4 Le Chatelier. 

• • 
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i lb. of (hydrogen pn combustion gives 62,100 B/ff.U. 1 

, ‘ „ marsh gas „ „ 1 c „ 24,02(4 „ * 

t )j benzene „c ,, ,, 18,090 „ 

(. „ carbon morfoxjdtf „, • 4,38^ „ 

3 ‘f ( ®* * 

Reactions of Hydrogen with® Oxygen a m the Com 
bined Sta'te. . * • 

f C/ C 

So far the reaction of hydrogen and oxygen ha 
only been considered when both are in r the gaseou 
form. However, such is the attraction of hydrogel 
for 1 oxygen that when the latter is in combinatioi 
, with some other element the hydrogen will gener 
ally combine v-ith the oxygen, forming water anc 
leaving the substance formerly in combination with the 
o, oxygen jn a partially or wholly reduced state. Thus, 
oxides of such metals as iron, nickel, cobalt, tin, and lead 
the reduced to the metallic"-state by heating in an at¬ 
mosphere of hydrogen. 

Thus. t. 

•V) FeA + 3 H.i- 2 f’ e + 3H«0 

(2) NiO + iT = Ni + H 2 © 

(3) CoO + H 2 = Co + H 2 0 

(4) SnO s + 2H 2 = Sn + 2H 2 0 

' (5) PbO + H 2 = Pb + H ,0 

The temperature at which the reduction by the 
hydrogen* takes place varies with the different oxides 
<antj also with,the same okide, depending on its physical 
condition. “ Crystalline haematite,” as the natural ferric 
oxide is called, requires to be at a red heat (about 500° 
C.) before reduction begins to take place, while if iron 
* is precipitated from one of its salts (as ferric hydrate by 

<• 

( 1 The latent heat of the steam produced is included in the,heat 

units of fuels containing hydrogen. 
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ammonia)*the resulting ferric'Hydrate can be redqped 
to the metallic state at th£ temperature of boiling yvatef. 

With nickel the. same variation 'yf the temperature 
•of reduction "ik noted, depending oh the physical condf- 
tion. »Thus Mtoissqn stales that the sub-oxide of nickel 

•(NiO) which has not beeft calcined, is reduced by hydro¬ 
gen at 2*50°-240* C. ; Muller, on the other hand, states 
that the reduction of the oxideyi* this temperature is not 
complete but only partial, but that if the temperature is 
raised’td 270° Q. a complete reduction takes place. If 
tfie oxide of nickel has been strongfyiieated its tempera- 

• ture of reduction to the metallic state is at least 420° C., 

• in which case it is quite *nsuital?le for like as the cata¬ 
lytic agent in the hydrogenation of organic oils. 

Sych is the affinity of hydrogen for o^gftn that 
hydrogen ViH under certain circumstances reduce hydro-^ 
gen pefoxidp. If an acid solution of hydrogen peroxide 

• is electrolysed, oxygen will be liberated at the positive* 
pole 1(or anode), but no gas will b^ liberated at the 

• negative (or cathode), for tte hydrbgen wfiich is set* 

free there immediately reduces the hydrogen peroxida 
in the solution to vPatgr, as shown in the following 
equation:— . 

h 2 0 2 + h 2 = 2 H 2 0. * * 


It has been mentioned that the temperaturjp of re- t 
duction of the metallic oxides by hydrogen vafies with 
the different oxides and with the physical condition of 
the same oxide. It might further be added that the 
physical condition of the hydrogen also modifies the* 
temperature of reduction. * This can be weli show:, by 
taking some artificial binoxide of tin (Sn 0 2 ) and placing 
it in a metal tray in*a solution of slightly acidulated 
water. The metal tray is tTien connected to the 
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negative fiole of fin elec'tri^'supply, and another con 

ducton placed in the liquid connected to th*e positive o 

the supply. On thecurrent ( being switched on electrolysii 

takes place, that is to say,, $ie water is decomposed into 

hydrogen and oxygen, the hydVogeo being liberated or 

the surface of the metal tray contaiqintj the binoxide oj 

tin, and the oxygen at the other pole. Th‘e nascent 

hydrogen liberated ih fire neighbourhood*of the white 

tin oxide reduces it on the surface of the particle tc 

rqetaj^ic tin, in accordance with the following equafion :— 
"v , * 

• SnOi + 2H2 = Sn + 2H0O,. 

a fact which can, easily be proved by chemical means, 
but yvhich is also detectable by the change of the oxide 
from white to tfie dark grey of metallic tin. 

r * 

'Chemical Combination of Hydrogen with Carbon. 

♦ 

Tft has been shown that if hydrogen is passed over 
pure carbon*heatea‘to 1150“ C., direct chemical union 
lakes place, 1 methane <or marsh gas being formed :— 

* ■ C + 2 H., = CH,. 

1 • « 

* This'reaction is of some importance, as formerly in the 
production of* blue water gas the presence of methane 
was entif'6ly accounted for by the presence of hydro¬ 
carbons vi the fuel. However, the experiments of Bone 

* and Jerdan«show that even if no hydrogen whatever 
were present in the fuel, methane would be formed if 
{he temperature of thp fuel be sufficient. 

If the temperature of the carbon is somewhat hotter 
than 1150° C., direct union continues to take place, but 
the product of the reaction is not methanb but acetylene. 
* 

‘•Bone and Jerdan, “Chem. Soc. Trans.,” 71, 41, ^897. , 
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Thus if a.small pure carbon electric $trc is iqpde in an 

atmosphere «>f hydrogen* dmall quantities of acetyWe 
are produced, but no methane. 

• •; 

Chenjical Combination, of hydrogen with Chlorine, 
Bromine, and Iodirte. 

• • • * 

With* Chlorine. —Hydrogen will combine with 
chlorine, in .accordance with, flu' following chemical 
equation, to make hydrochloric acid :— 

II, + Cl, = 2HGI. 

” • I ^ 

If the two gases are mixe$ in equal proportions in a 
diffused light and are suty'ected 4 o an electric spark, the 
above reaction takes plac$ with explosive violence. If 
a glass tube containing a mixture of the*gases is»heated, 
the same rea ctio n takes place with violence. 

If a mixture of hydrogen ’and chlorine at atmospheric 
temperature is exposed to strong sunlight, hydrochloric 
acidh's immediately formed, with th/ characteristic ex- 
.plosion. Investigation of thj^ iqcre^se in the chemical 
activity of hydrogen a»d chlorine in the presence qf 
sunlight has shown that*it is the actinic rays which pro¬ 
duce the phenomenon ; thus if the rays which aje present * 
at the blue and violet end of the spectrum*are prevented 
from reaching the mixture of the gases by*protecting 
this by a red glass screen, no reaction betwAij then* 
takes place. When sunlight is not available, the ok- ’ 
plosive combination of these two gases can be shftwn 
by exposing a mixture of them in.a glass vessel to thg 
light of burning magnesium, such as is frequently used 
by .photographers. 

The remarks which have already been made with 
• regard to the reduction in chemical activity of hydrogen 
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and^ oxygen when. perfectly dry appljr also ifi the case 
ofliydrogen and chlorine. ( 1 • 

• While referring'to the production of chemical union 
Between hydrpgen and chlorine'brought‘about by the* 
influence of light, attention may bp drrfwn to what is 
known as the “Draper Effect,” which is best‘demon-, 
strated in the following apparatus* *' * 



*i 

The mixed gases, in the ratio of one volume of 
'hydrogen to one of chlorine, are contained in a flat glass- 
bulb A, called the insolation vessel. The lower part of 
the insolation vessel usually contains some water 'satu¬ 
rated with the’ twey gases. < The capillary tube BC con¬ 
tains a thread of liquid ac , to serve as an* index. Under 
thejnfluence of a flash of light .the thread of liquid ac is 
pusned o ( utwards, to return immediately to its original 
position. Thus, a travels to b, and immediately returns 
to a. Wkh every flash of light the same phenomenon 
\akes pllr:e. At the time of its discovery (1845, “ Phil. 
Mag.,” 184.3, hi., 23, 403, 415) the reason for this 
sudden rise in pressure was not understood, but careful 
investigation by J. \y. Mellor and -W. R. Anderson 1 
has shown that at each flash piinute quantities of hydro- 
chlonc acid are formed, with the production of a little 
heat,*thus causing a rise in pressure untifit is dispersed * 

1 “Jour. Cheln. Soc.,” April, 1902. 
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—in fad, the "Draper effect pjay be likened to a very 
small ‘explosion ’without* efficient energy to propagate 
itself throughout the gas. . • • 

Such is^the attraction of* chloride for hydrogen tbat # 
eveQ when fjje litter is # in fcflmbination with some other 
element the chlorine often will combine with the h^dro- 
•gen, lib^rating«thcft element. Thus, if chlorine is passed 
through turpentine, the carbon js liberated, in accordance 
with the following equation 

CwH,, + SCI. = 10C + 16HCI. 

^ • •• • 

Again, at ordinary^ temperatures sPncl in ordinary.diffused 
light, but more rapidly hi sunlight or other light of* 
actinic value, chlorine *vill decompose water, liberating 
oxygen, in accordance with the followjpg equation :— 

2H2O + 2CI2 — 4 * O*. 

■h 

The sombination of hydrogen with chlorine is at¬ 
tended with the evolution of heat. According to Thom¬ 
sen, the combination of 1 gramme of hydrogen with 
35'5 gramme^ °f chlorine i» attended with the evolution 

of 22,000 gramme-calSries of heat. . . 

• • 

f * 

With Bromine. —The element bromine v^ill combinfc 
with hydrogen to form hydrobromic acid, in accordance 
with the following equation :— 

H 2 + Br 2 = 2HBr. 

t 

This reaction between hydrogen and bromine is ii^many 
respects comparable with the combination of hydrogen 
with chlorine, but unlike the latter, the reacticyi canhot 
be brought about by sunlight. However, if-“the two^ 
gases are heated, tjiey will combifi§, but their gombina- 
tio’n is attended with the evolution of less *heat than* 
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in the case of chlorine. Thomsen state’s that t the com- 

* r 

binafion of i gramme of hj"d/-,ogen With 80 grammes 
of bromine (liquid) (s attended with the evolution of 
8440 gramme-calorics, of heat. ’ , 

U q I < 

With Iodine, —Hydrogen Will combine with iocline, 
in accordance with the following equation, providing 
the iodine is in the form of vapour and the mixture of 
the two gases is strcnglyr heated in the presence of 
spongy platinum :— 

* r • 

, Thomsen has shown tha,t this combination, unlike 
the two previous ones, ie not attended with evolution of 
heat, but by the absorption of if. Thus when 1 gramme 
, of hydrogen comBines with 127 grammes of iodine (solid), 
6040 gramme-calories of heat are absorbed ♦ ' 


Cheifiical Combination of Hydrogen with 
Selenium, and Tellurium. 

‘ With Sulphur.—^If 3 mixture jof sulphflr vapour and 
h/drogen is passed through a tybe; heated to at least 
,250° a chemical union of the two elements takes 
place, in adcord^nce with the equation— 


Sulphur, 


<* Hj + S = HoS. 

0 t 

The-re&ulting gas, which is known as “sulphuretted 
hydrogen,” has a characteristic and extremely unpleasant 
odour, and is poisonous when inhaled. According to 
Thdiiard, respiration iif an atmosphere containing sir. 
• part of .its volume of sulphuretted hydrogen is fatal to 
a dog, and smaller animals die when half that quantity 
■ is present* * ■ f * 
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Sufpburetted hydrogel ‘ is an inflammable gas, and 

will barn in,air, in accosd&nce with the following ecfua- 
tion :— * 


2H 2 S + 3 0 2 = # iSO* 4 2*H 2 0, 

• • fg * • 

producing sulphur .dioxide and water. , 

. If Ae gas is mixed frith oxygen in the proportions 
l-equiredf <by th£ equation, and subjected to an electric 
spark, it exglodes with violence, giving the same pro¬ 
ducts as when burnt in air. 

S<ffl| 5 hurett^d hydrogen is soluble in water at o° C. 
fb the extent of 4'3yo6 parts by volume per unit volume 
of water. * , 

The density of sulphuretted 1 ' hydrogen is 17 times 
•that of hydrogen. 1 

* tf 

• » 

. WitfrS;' wium,—When selenium is heated to 250° 

’ C. wish hydrogen, chemical’union results, with the pro¬ 
duction of selenuretted hydrogen :— J * 

H 2 + Se = H 2 Se. * . * . 

The resulting gas, is colourless, resembling sul¬ 
phuretted hydrogen in smell and in its chemical proper¬ 
ties. It is, however, much more poisonous^ thal( the 1 
former gas. » « 

Selenuretted hydrogen is inflammable and ,burns in 
fhe same way as sulphuretted hydrogen. If jjte gas is 
strongly heated it breaks up ilito its two.constituents,. 
the selenium being deposited in the crystalline form. . 

Selenuretted hydrogen is soluble in water at 13*2° C. 
to the extent of 331 part§ by volume per unit volume of 
water. * 

The density of selenuretted hycfrpgen is 40'5. times 
that 'of hydrogen. 
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With Tellurian. —w«herutellurium is heated to 400° 
C.*fn hydrogen, the elements txfnbine, forming hydrogen 
talluricfe 

. * *HT„ + Tfc- HjTc. ‘ •, 

This gas, like sulphuretted and selqnuretted hydrogen, 
is both offensive smelling and poisonous. Like selenu- 
retted hydrogen, on strongly heating it* is detdmposecf 
into its components, rthc .tellurium being ^deposited in 
the crystalline form. 

Telluretted hydrogen is soluble in water some 

extent* but in course«of time the telluretted hydrogen i* 
decomposed and tellurium deposited. * 

The density of telkiretted* hydrogen is times 

that of hydrogen. . • 

« 

« I 

Chemical Combination of Hydrogen jK&h Nitrogen, 
Phosphorus,'and Arsenic. t • 

• «* 

With Nitrogei^.— Donkin has shown that when a 
mixture of .hydrogen and nitrogen is subjected to the 
s'ilent electric discharge* a partial union of the two gases ' 
tikes place, with the formation of ammonia :— 

• ' No + 3H., = 2NH 3 . 

However, this reaction could in no way be regarded as 
commereiat, as the quantity of ammonia produced after 
tlie ga^eUmve long been subjected to the silent electric 

* discharge is vrnly just sufficient to be identified by the 
most delicate means. 

, ^Recent investigations have, however, shown that if 
the twt) gases are mixed and subjected to very great 
pressure (i§oo lb. per sq. inch) in the presence of a 
catalytic agent, utjion to an appreciable extent takes 
place.. This process, which is now being used on a • 
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commercial scale in Germany, is kjiown as the Haber 

proce’ss, but few detaill sfe to the method of operation 
are available. In the earlier stages of the’ working' of 
this process* the catalytic agent was probably osmium,’ 
but* it is considered doubtful if this is still being em¬ 
ployed. ' 

*The Uses oe Ammonia. 

Such is*the importance of ammonia in the existence 
of a rqpdern country that it is desirable that some ac¬ 
count of its use should be given, observing thatjt is not 
improbable tljat ‘the Haber process may be put into 
operation in this country ii\ the near future, consequently 
enormously increasing the demand for the commercial 
production of hydrogen.' 

*Amjponia or its salts are employed in’a variety of 
tvay§ in irmly’' trades. From it nitric acid, the vital 
necessity'for the manufacture of all high explosive^, qan 
be^ made; it is an essential for th ’ Brunner Mond or 
Solvay ammonia soda process for the' production of 
alkali; in the liquid form 'it i§ employed all over the 
world in refrigerating ,machinery, but its enormous and 
increasing use is in agriculture, where, in the fornv of sub 
phate of ammonia, it constitutes one of, if n*ot the most 
important chemical manures known to rqan. During 
the year 1916 350,000 tons of ammonium sulphate 
were produced in this country, the larger proportion qf 
which was consumed in agriculture—a proportion Jikely 
to increase and not diminish if the demand for home 
production of food continues. ’ 

Properties of Ammonia. 

• Ammonia is a strongly smelling gas, possessing a 1 
<nost characteristic odour. It is lighter than air; taking 
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the density f of hydrogen as 1, q,ir is 14'39, and ammonia 
8'5 * ‘Ammonia is not in the ordinary sense pombastible 
in f air, But ff the air is heated or oxygen is supplied it 
rwill burn with a feeble, alrhost non-luminoys flame, in 
accordance with the following equation :— e 

4NH 3 + 30 2 = 2 N 0 ' + 6Hj,0. * • 

. ‘ c r e 

Ammonia is strongly basic, i.e. it possesses the 

property of combining with acids to make nfeutral salts. 
Thus with the common acids—sulphuric acid, c hydro- 
chbriaacid and nitric ?>:id—it forms salts,fin accordance, 
with the following equations 

2N,H 3 + H.SO, 1 (NH 1 ).,S0 4i 

NH ;l + HC1 = (NH'JCI, 
r ‘ t NH, + HNO : , - (NH 4 )N0 3 . 

c 

Among the physical properties of agis*..fia < 'the out¬ 
standing features are its solubility in water, its absorp¬ 
tion by charcoal, and its liquefaction. 

Solubility pf Arfononia in Water. — Ammonia is 
vary soluble in wajer. Its solubility decreases with 
increase of temperature, and, as""is of course natural, 
'•increases with increase of prelude. The following 
table for , the solubility of ammonia in water is 
interesting :— 


0 

• 0 

r 

Temperature. 

Grammes of NH 3 
Dissolved in i c.c. 
of Water. 

C.c. of NH s at 
o° C. and 760 mm. 

c 




c 

o°C. 

<- -fi 75 

1148 


. 8 

16 e 

7 ‘3 . • 

•582 

y 2 3 

7O4 


3 ° 

. * t 5 ° 

1. '403 

<' t *229 

-V9 

* 306 
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A t fcature of. the ab^cfs^ition of ammonia *by watgr is 
the reduction of the specific gravity of the solution. 
Thus at '15 0 C. a saturated solntion»containing 34 - 95 ger 
cent, of tin*.gas Joy weight'ljas a density of '882, while" 
purff water aft tha sante temperature has a density of 

Absorption of Ammonia by Charcoal .—Reference to 
the surface energy of charcoal *ha£ already been made. 
Its absorption of ammonia is very considerable, but varies 
with The physical condition of $ie charcoal, as well,as 
"with the material from which it has keen made. Saussure 
found that freshly ignited boxwood absorbs about 90' 
times its own volume ,bf amnfonia, While Hunter has 
’ shown that freshly prepared charcoal ipade from cocoa- 
nut »shell absorbs about 171 times its ows volume of 
ammonia’**** 11 '! n^. 

• - * . .* 

Liquefaction of Ammonia .—Ammonia is an easily 

liquefiable gas, and consequently it is owing to this 
property that it is employed in refrigeratipg plants on 
land and in ships, for by the fttpil evaporation of the 
liquid gas a high decree of cold may.be obtained. The 
critical temperature of’ ammonia, i.e. that temperature; 
above which by mere pressure it cannot,be liquefied, is 
131 ° C. At this temperature a pressure of approximately 
1700 lb. per sq. inch must be applied to procffice lique¬ 
faction ; if, however, the temperature is Detow the 
critical one for the gas, the pressure required for Jique- 
faction is greatly reduced. Thus, if the ammonia is 
cooled to I5‘5° C., a pressure of*ioi lb. per sq., inches 
required, while if the gas is cooled to o° <•., a pressure ♦ 
oT only 61 ‘8, lb. per sq. inch will effect liquefaction. 
Liquid ammonia is h. colourless, mobile liquid. • It’ boils 

~ 3^7° C., and at 0° C. has a specific gravity 0^06234. 
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At -,75* C.‘ 

linfe soljd. , 

( 

« ' With Phosphorus-. —IP, red phosphorus is gently 
heated in a stream of hydrogen, direct chemical ujiion 
takes place to a small extent, with the production of a gas 
termed “ Phosphoretted Hydrogen ” o. “ Phosphine ”:— c 

*P,+ cH 2 = 2PH 3 . 
f c . Q 

Phosphine is an offensive smelling, poisonous gas 
which in the pure state is not spontaneously inflarffnabie. 
However, its temperature of ignitioa is very low ; thus, 
«if a stream of phosphine is allpwed to impinge in air on 
a glass vessel containing toiling water, it will immediately 
burst into flame, burning with inconsiderable luminosity, <• 
< in accordance with the equation :— t 

PH 3 + 2 0 2 = HPO a + ’ 

Phosphine possesses an exceedingly interesting re¬ 
action with oxygen.,. Thus, if a mixture of phosphine 
. and oxygen i? subjected tQ a sudden reduction in pressure 
at* ordinary atmospheric “temperature, chemical combina¬ 
tion immediately takes place with' explosive violence, in 
Accordance with the equation already given. 

Phosphine, which is produced in small quantities in 
the Silicol process for making hydrogen, 1 has under 
certain conditions a deteriorating effect on cotton fabrics, 
not as ah immediate action but as a secondary reaction. 
The examination of a balloon envelope which burst at 
Milan 2 in 1906 showed that at some spots the material 
cotild be easily torn, vfhile over the greater portion it 

1 The total Volume of phosphine and arsine does not exceed 
•025 per jent. and is usuafiy about -oi per cent, 
c 2 Nlmias, “L’lnd. Chim.,” 1907, 7, 25^-258; “Chem. Cent.,” 
1907, 2, 1^60-1461. 


liquid ammonia solidifies into a whit£ crystal- 

c. L • 
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howed A great .resistance to* tearing. Tho damped 
pots were found to be impregnated with phosphoric 
icid and arsenic acid, produced by\he oxidation of tfte 
>hosphine add arsine ccmtained m the Jiydrogen with 
vhicl* the balleon Ijad been inflated. , 

• Phasphine in small cfuantities in' hydrogen contain- 
ng ovei* P per c&nt* of oxygen attacks copper, producing 
in acid liquid which has a yntssf, corrosive action on 
abric. However, it does not appear under these cir- 
:umsta*fces to have any action on aluminium or zinc ; 
ftnsequently any metal parts inrjde the envelope of 
tn airship should be of alyminium. Phosphine under 
he above conditions attacks hemp and other textiles 
vhich have been treated with copper compounds, 
jut ifc does not appear to have any action ,onf fabrics 
ree from^^jjggi^ compounds or copper or brass 
astenings. , 

Though it has been stated that phosphine is "hot 
spontaneously inflammable, with quit 4 small admixtures 
)f liquid hydrogen phosphide.it immediately'bursts into- 
lame on coming into contact with air.. 

Phosphine produced* by the reaction of watej- on 
salcium phosphide always contains a quantity of the 
iquid hydrogen phosphide sufficient to rnake the* gas 
spontaneously inflammable. Use of this jftoaerty is 
nade in the Holmes’ Light used at sfea as a* distress 
signal, and also as a marker at torpedo practice. * 
Phosphine is soluble in water to a slight extent! 
The solution of phosphine in water is not very stable* 
aarticularly in strong light* when it breaks yp, deposit¬ 
ing, red phosphorus. , 

The density of phosphine is 17*5 times thht of 
lydrogen. 



3? ' HYDROGEN 

’ ' t • 10 

^With Arsenic,' —Hydrogen does pot directly com- 
bfne w,ith arsenic, but if an aVsenic compound is in solu¬ 
tion in a liquid in which hydrogen i? being generated, 
i.e. hydrogen in the nascent state, chemic£jJ*union takes 
plaee. Thus, if arsenious Wide is dissolved in dilute 
hydrochloric acid and a piece of metallic zinc is'added, 
the hydrogen produced by the action of the a 6 i 9 on the 
zinc will combine with 1 the arsenic, in accordance with 
the following equation 
, As 4 0 , + wll, = 4 AsH a + 6H-A 

The gas produced, which is called “Arsine” or 
“ Arsenuretted Hydrogen,” *is unpleasant smelling and 
poisonous. It burns in air with a lilac-coloured but not 
very' lupiinous flame, thus :— 

4AsH 3 + 60 2 = AsA + 6H.jO. __ 

if the gas is strongly heated it is decoiqposed and' 
elemental arsenic deposited. 

Arsine is,produied to a small extent in the Silicol 
process of making {hydrogen, and has a deteriorating 
effect on fabric (see phosphine),‘while with many metals 
1 it is Recomposed, arsenic being deposited and hydrogen 
° liberated... It can be liquefied easily (the liquid gas 
boilifig at - §4'8 C), and it solidifies at - ii3'5°C. 
Arsine iJ s&luble in water, one volume of water at o C. 
clissolvinj> 5 volGmes of^arsine. The density of arsine 

* is <6 39 times that of hydrogen. 

€ *■ 

£hemical Combinatipn of Hydrogen with Lithium, 
Sodium, Potassium, Magnesium, Calcium, and 
Cerium. u 

The chemicareombination of‘hydrogen has sp far 

only been considered with regard to a few non-metallic 
. , <, * ' 
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elements,*but now a new serie 5 “of reactions will be con¬ 
sidered in which hydrogen* combines chemically with* a 
metal. These metals are those of the alkaline and 
alkaline eartlJ group. 

• * J » 

• % . • 4 

. With Lithium . —If hydrogen is passed over metallic 
lithium about* 2ot>° C., the hydrogen is absorbed, not 
as hydrogen is absorbed by platinum, etc., but chemi¬ 
cally absorbed, in accordance with the following equa¬ 
tion 

* >4 Li + H 2 = Liiri,. ’ ” 1 

If the resulting‘lithium hydride is allowed to cool and 
is placed in water it becomes a source oT hydrogen, not 
hnly giving up what it has already received, but also a 
volume twice as much as this, which it has derived from 
the seen in the following equation :— 

• Li 4 Ho + 4 H .,0 = 4 LiOH + 3H* 

^ith Sodium.—Under sirqilar circumstances the 
metal sodium absorbs hydrogen with the production of 
a hydride:— * . 

4 Na + H 2 = Na 4 H 2 . . 

This hydride, like that of lithium, behave* in*a similar 
manner with water. It, however, has anothefcin^eresting 
property in that if sodium hydride is heated itfcvacuo t<S 
about 300° C., the whole of thfe hydrogen, is given ^ff. 
and metallic sodium again remains. . , 

With Potassium.— If the methl potassium is healed 
in th.e presence of hydrogen, a hydride is formed :— 

4 K + H 2 = K 4 H 2 .', 

« * • ' 

’ This hydride has the same characteristic reaction with 
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watqr, but* it has -a dis'tihctive reaction, in that on ex¬ 
posure to air it catches fire * 

, 2K.1H2 *+■ ,9^2 ^ 4R2O4 4 * 2H..O. ^ 

.With Magnesium. —If hydrogen is passed over hot 
metallic magnesium the hydrogen is absorbed * r 

4 * r * # 

Mg + Ho = Mglfo. 

„ *- 

This hydride is decomposed with water, $ith the pro¬ 
duction of magnesium hydrate and hydrogen r 
* Mgllo + 2K0O ■= Mg(OH) ; . + zflo. « 

With Calcium. — If hydrogen is passed over hot 
metallic calcium the hydrogen ic absorbed :— 

* ca + h 2 = C11H., 

, * <■ 

The hydride is decomposed by watej^wee-Tuing to tjie 
equation— « 

Call. £ 2H0O = Ca(OH) 2 + 2H0. 

Calcium'hydride, unlike the metallic hydrides already 
mentioned, is a commercial possibility, l and under the 
t name of “ Hydrolith ” has been used by the French 
* Army in the field for the inflation of observation 
balloons. Its use for this purpose is governed by French 
patent fj[o.« 327878, 1902, in the name of Jaubert. 

Wltli Cerium. —If -hydrogen is passed over hot 
metallic cerium the hydrogen is absorbed 

Ce + H» = CeH,. 

C * * 

This hydride is decomposed" with water in the same 
manner as calcium hydride, but as a source of hydrogen 
it is (ir too rare to Jje employed. < 

However, if an alloy’of cerium with magnesium and 
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aluminium is heated b^l< 3 jv its’melting point? in a stream 
of hydrogeft, the latter i^ absorbed, with tfy; fyrmafion 
of cerium hydride within thp a}lo/„ which, after coolifig, 
.possesses t».a remarkable "degree the property of emit* 
ting* sparks twhetj rfibbeft with any rough suuface. 

• 'Phes<? sparks are^ sufficiently hot to ignite coal gas and 
’petrol v&pour, Tience the employment of this hydrogen¬ 
ated alloy iji the patent ligbtdrs«which have of recent 
years become so common in this country. 

t>* 

"Chemical Combination of fffyirogen with Animal 
and Vegetable Oil. * 

• • o • 

• Owing to the discoveries of M. Sabatier a new 
use jias been found for hydrogen, ancf a vast end ever-« 
growing'industry created, known as “ fat hardening 
The chief uses for aninfal and vegetable fats are for 
^ the making of candles, soap, and edible fats such are 
incbrporated in butter substitutes, sold gqperically under 
s the name of “ Margarine • 

Animal and vegetable fats are generally mixtures of 
a certain number of* complicated organic chemical com-, 
pounds, amongst the chief of which may be .mentioned 
linolein, olein, stearin, and palmitin, * The physical 
properties of these compounds are somewhat«different. 
Thus, those containing considerable propiryons *of 
stearin and palmitin are usually solid at atmospheric 
temperature, while those in which the chief constituent 
is either linolein or olein are liqqjds at such temperature. 

These chemical compounds—linolein, olein* stearin, 
and palmitin—are what are kncpvn as “glycerides,” 
i.e. .{hey are compounds of glycerine with an tirganic 
• acid. • 
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f How sirtce glycerine is “of gfeat value in a variety of 
ways, chiefly for the production of nitro-gtycerine, it is 
customary to split these glycerides up into glycerine and 
their organic acid before indulging in qny other process. 
This may be accomplished 'by the use of superheated 
steam. Thus, when such steam is blown through p?.l- 
mitin the following reaction takes place :— 

C 3 H 5 (C 10 H a O 2 ) 3 + 3AO - 3 H(C 14 H,A) + C,H 5 (HO) 3 . 

Palmitin Steam Palmitic acid Glycerine 

Or through olein :— , < 

c 3 h 5 (c 18 h 33 o 2 ) 3 + 3 IOO = 3 H(C 18 H a 0 2 ) + C 3 H 5 (HO) : , 

Olein Steam Oleic acid Glycerine 

The physical properties of, these organic acids are 
■ very interesting hnd important. Their melting points 
are:— 

Palmitic acid . . *. Melting point, ^2-6° 0 . 1 

‘ Stearic acid .... ,, 69'3° 0 . 

Oleic acid . .b . ,, „ i4‘o°C.f 

r 

Now this oleic ^pid,.‘owjng to its low melting point, 
is not of great value, as it canntft be used for candles. 
<- However, the discoveries of Ml S'abatier have shown 
that undar certain conditions of temperature and in 
the jftesence of nickel or cobalt (which themselves 
undergo^Tio'permanent change),‘the low melting linoleic 
and ol«*ic5'‘acids rhay be converted into stearic acid by 
*th& introduction of hydrogen into the liquid organic 
add.* Thus:— 

c ■ CuHjjCOOH + H 2 = C 17 H 3S COOH. ' 

0 Oleic acid • 'Stearic acid 

e 0 

The nickel in this process may be introduced into 
, the liquid organic 'acid by merely adding spongy njckel 
to the-molten oleic acid'; or as a volatile compound 
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known as "Nickel CarbonyK it ljray be blown in to¬ 
gether with^the hydrogen# * * • 

In either case, for the conversion of the linoleic and 
oleic acids into stearic acid/thd temperature of the ac$d» 
should be between 2O«» 0 and* 220° C. \Vhen the mckel 
i% introduced, in tfie form of carbohyl, at the same time 

• as the*hydrogt!h, ftie carbonyl is decomposed into metal¬ 
lic nickel and carbon monoxide—the latter taking no 
part whatever in the reaction and being available for 
the production of further nickel carbonyl. 

• The nickdl which is used <11 ^this process *{J£rfofms 
merely a catalytic function and does not of itself under-, 
go permanent change. However, its,catalytic property 

• may be destroyed eithH by the method by which it is 
pref^red or by certain impuritie’s in ttie hydrogen with • 
which th«»hydrogenation is carried out. While it is not 

• impcHttant^ that the hydrogbn should be very pure—In 
fact, it may contain carbon monoxide, nitrogen, cJftbon 

• dioxide, and methane—it is absolutely essential that it 
should be entirely free from |ulfjJiur.dioxide* sulphuretted 
hydrogen, and othoe sulphur compounds, bromine, 
chlorine, iodine, hydrochloric acid, arsenuretted hydro-, 
gen, selenuretted hydrogen, and teluretted hydrogen. * 

If the nickel is introduced into the fatty acid®in the 
solid form it is important that it should absolutely 
free from sulphur, selenium, tellurium, arsenia, ^hloriiTe, 
iodine, bromine. Further, it *s important«that the nisfkd 
should have been prepared by the reduction of the’oxkle 
at a temperature not exceeding^oo 0 C., and should ryot 
have been long exposed <0 the air prior to its usfe. 

, The weight of nickel used is ^bout o'i part to 100 
parts of oil or fatty .acid ; however^ .larger quantities do 

• no jfiarm. After the hydrogenation of the fattj; acid or 
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oil, practically the wjiole of tha nickel is recovered by 
merely filtering the hot oil or acid. ; 

f In this note the use of hydrogen in the fat harden¬ 
ing industry has been' cfescrjbed with particular refer- 
ence t to the conversion of* the tunsatura^cl oleic # and 
linoleic fatty acids hi to stearicacid. However* whjt , 
has been said in regard to this niattGr is equalty appli-» 
cable to the conversion of olein and linolein into stearin, 
cotton-seed and most fish oils being quite*easily con¬ 
verted into solid fats. 



fHAPTER III* 

THE MANUFACTURE <t>F HYDROGEN. 

• CHEMICAL SlETAoDS. 

* The Production of Hydrogen, 

* / • • • # 

While all .the processes described yield hydrogen, 
some are of merely laboratory use, others of commercial 
.use, and yet others of as.e for the generation of hydro¬ 
gen for war purposes, under conditions wher^ rapidity f 
of production and low weight of reagents afre more im- 
pSrtapj^than the cAst of the filial product. • 

Where hydrogen is wanted for commercial purpssgs, 

* two types of process will generally *e found most use¬ 
ful : the electrolytic, where not more than 1000 cubic 
feet of hydrogen are required per *hour and conditions 
are such that the axygen produced* can be either ad¬ 
vantageously used or sold locally ; the Iron Contact* 
process, the Linde-Frank-Caro process, or the Bqjlische 
Anilin Catalytic process, where yields of 3qpo and more 
cubic feet are required per hour. Hpweveq Jocal con¬ 
ditions and the requirements *of a particular trade ijjay 
make some of the other processes the more desirable.. 

For war hydrogen may be economically produced at 
a base, and used the/e .for the inflation of airships, or 
the* filling of high-pressure bottles for transport to the 
Kite Balloon Sections in the field. *\yhere transport con¬ 
ditions are difficult it may btiadvantageous to generate 

(39) 
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the hydrogen on ( the field at the place where it will 
be*used; then, probably, tl^e 4 Silicol, Hjjdrogenite or 
Hydrolith* processes.will have the advantage, but here 
« a£ain it is not possible tb sppak with any gngat precision, 
as local conditions, even *i» war, must jpave grej.t in¬ 
fluence on the selection of the most suitable process. 

The production of hydrogen crfn be accomplished 
by a large variety of methods, which may be divided 
into two main classes, viz. chemical and physical, while 
there is an intermediate class in which the production 
of* hytir'ogen is accomplished in two stages, one being 
chemical and the other physical. 

•. • 

Chemical Methods of Producing Hydrogen. 

« « 

The 'chemical methods of producing hydrogen'may 
be divided into four classes :— _ ” . 

t • ^ ^ 

1. Methods using an acid. • * 

2. Methods usiijg an alkali. ( «< 

3. Methods in which the hydrogen is derived from 

water. 1 ‘ ’ , 

4. Methods in .which the hydrogen is produced by 
* methods other than the above. 

9 

* ( 1 } Methods Using an Acid. 

* WitlT Iron —If dilute sulphuric acid is brought into 
co|jtact"with iron, chemicul action takes place, with the 
production of hydrogen and ferrous sulphate, in accord¬ 
ance with the following equation 

• Fe + H2SO4 IT 4. FeS 0 4 . 

Theoretically, to produce 1000 cubic feet of hydrogen 
at 30 inches barometric pressure and 40° t\ by this pro¬ 
cess, 155 lb. of iron and 272 lb. of pure sulphuric acid are 
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required, or a fatal weight o£ pure reagent^ equal to 
427 lb. per 1000 cubic fee! hydrogen produced. Ffam 
the figures given above, the approximate cost of nftiteriaj 
per 1000 cubic feet of hydrogen tan be calculated if tht , 
prevailing prices of iron*and, Sulphuric acid are known. 

, Of # courge, pure sulp*hurioacid is not an essential for the 
process, % b*it allowaifce for the impurity of the sulphuric 
acid and iron must be made in any calculation for cost 
or weight. * * * 

The^.hydrogen produced by this method varies con¬ 
siderably in pui*ity. It is liable £o contain metltase t<o 
an extent which, depends on the carbon content of the 
iron ; it may also contain pfiospljine, depending on the 
^phosphorus content of th^ iron, sulphuretted hydrogen, 
depending on the sulphur content of the* iron, aryd traces 
of silicon hydride, depending on the silicon‘content of 
the* irqq* It is alsd liable to contain arsine or arsenu. 
retted hydrogen, depending on the arsenic content* of 
^he sulphuric acid, the commercial aeid frequently con¬ 
taining considerable amounts of^this impurity. Unless 
specially treated, the hydrogen produced is always acid, 
and therefore unsuitable for balloon* and airship pur¬ 
poses. 

The impure gas produced by this method m#y be 
purified by being passed, through or scrubbed b^ water; 
this will remove much of the acid carried by^ the ga», 
dust, and some of the methant, phosphinp, arsine, apd 
sulphuretted hydrogen. If after this treatment the.g^s 
is passed through a solution of a # lead salt, the remain¬ 
ing acidity and sulphuretted hydrogen can be removecf. 
Tljis* method of the treatment of f the injure gas is 
covered by English patent 16277, 1896, in the names of 
. Prati’s and Marengo. Furthey patents in connection 



4.2 


MANUFACTURE OF HYDROGEN 

with'this, method of produQing hydrogen have been 
takdn out by Williams (E^igftsh patent.8895, 1886), 
Hawkins* (English,patent 15379, 1891), Pratis and 
1 Marengo (English pbteht 15509/ 1895), Hawkins 
(English patent 25084, ^ 497 )* 'mol 'Fielaing (English 
patent 17516, 1898). • 

* * O 1 C 

With Zinc.— If dilute sulphuric acid is brought into 
contact with zinc, chfcmictd action takes place, with the 
production of zinc sulphate and hydrogen, in accordance 
tyith.tjte following equation:— , * g 

Zn +' H 2 S0 4 = H 2 + ZnSO,. 

Theoretically, to produce 1000 cubic feet of hydrogen 
at 30 inches barometric pressure and 40° F. by this pro« 
cess, 180 lb. of Vine dnd 272 lb. of pure sulphurip acid 
are required, or a total weight of pure reagents equal to 
1452 lb. per 1000 cubic feet*of hydrogen procjucesk 
• *The hydrogen produced by this process is liable to 
fewer impurities tlfin when iron is used, but it is alVays 
acid and liable to contqln ^rsine if commercial sulphuric 
acid is used. * « 4 

, The zinc sulphate produced in this process can be 
* turned more easily to commercial account than iron 
sulphate. If to the solution of the zinc sulphate result¬ 
ing fr£fn «the process sodium carbonate, or sodium 
hydroge^u carbonate is added, a precipitate of hydrated 
« ztec basic carbonate or zfnc carbonate is obtained, which 
on ignition in a furnace yields zinc oxide (commercially 
knpwn as "zinc whije”), water, and carbon dioxide, 
zbnc white has a commercial* value as a basis or body 
in paints ; it has oqe great advantage over white *le^td, 
whiqjris used for the same purpose, in that it is far less 
poisonpus. This method of treatment of the residual 
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zinc sulphate is the subject of* a patent b); Barton 
(English patent 2^534, * •, 

The previous list of patents for the reactioft of iron* 
and sulphuric* acid' also cov£r the use of zinc ant> 
sulphujic acid for fhe paodufWon of hydrogen. 

. Jherp are other*metals which will yield hydrogen 
vwth suljJharic artd, %uch as cadmium and nickel, while 
many metals will yield hydrogen with hydrochloric acid, 
such as tin, ifickel, and aluminium. However, these 
reactions^cannot be regarded as commercial means of 

producing hydrogen. _ , » 

« 

• • 

(2) Methods U^lng an Alkfli. 

*• With Zinc'.—If a sofution of caustic soda in water 
is brought into contact with metallic*zinc ,. chemical 
reaction takes place, with the production of sodium 
zincate’Stfid. hydrogen. The reaction is expressed in* 

following equation :— * • 

• «# 

Zn + 2 NaOH - H a +. Na 2 Zn0 2 . * # 

• • 

Theoretically, to produce 1000 cubic feet of hydro- 
gen at 30 inches barometric pressure and 40° F., 180 lb. 
of zinc and 224 lb. of pure caustic soda are required, or a 
total weight of pure reagents equal to 404 lb. per jooo 
cubic feet of hydrogen produced. • ^ 

The hydrogen produced by this process is generally* 
very pure, but, depending on thfe purity of the zinc, it is 
liable to contain arsine. As the gas is alkaline, owing 
to the caustic soda carried in suspension, it requires.to 
be scrubbed to make it suitable for balloons and air* 
ships* # * 

A modification of this process ha§ been the subject 
•of a patent. Zinc as a fine powder* is mixed with dry 
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slaked lirpe; then when-hydrogen is required, the mix- 
Wrfe is heated in a retort a (id f hydrogen is evolved, the 
.reaction being expressed :— 

* Zn + Ca(OH) a = H 2 + CaZn0 2 ., 

' 4 ’ • 

, In this modification of 6 the process /o produce 1000 
cubic feet of hydrogen at 30 inches barometric pressure 
and 40“ F., 180 lb. of zinc and 207 lb. of staked lime 
are required, or a total weight of pure reqgents equal to 
387 lb. per 1000 cubic feet of hydrogen produced. 

By the substitution of magnesium hydroxide instead 
of slaked lime a similar reaction < takes place, but tne 
total weight per 1000 cubic feet of hydrogen produced 
is reduced to 3^1 lb. n 

This process, with its modification, is covered b^ 
a patefit by Majert and Richter ^English 'patent 
4881, 1887), and is primarily intended as a process for 
‘the generation of hydrogen in the field for ditf*?nflatioh 
'of observation balloons. ^ 

V i. 

Tint HvDRiiv,.OR r A i.uminai. Process. 

With Aluminium. —If a solution of caustic soda is 
brought into contact with metallic aluminium, chemical 
reaction 1 takes place, with the production of sodium 
aluminate and hydrogen, in accordance with the follow¬ 
ing equation :— 

,zAl + 6 NaOH = 3 H., + 2 AI(ONa) 3 . 

« Theoretically, to produce 1000 cubic feet of hydrogen 
at ,30 inches barometfic pressure and 40° F., 50 lb. of 
aluminium and 225 lb. of pure caustic soda are required, 
or a total weight c*f pure reagents equal to 275 16 . per 
iooq cubic feet of hydrogen. 

The hydrogen produced by this process is generally 
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very pure, but the,gas is (requendy alkaline from minute 
traces of caustic soda carried in suspension, which musd 
be removed by scrubbing with water before the hydrogen* 

is suitable for galloons and airships. 

* ^ 4 
• * * 

The SilIcol Process. 


With Silicon, — I f a solution o£ caustic soda is brought 
into contact With elemental sllicod, chemical reaction 
takes pla^e, with the production of sodium silicate and 
hjjflrogen. The following equation was supposed to 
represent the reaction":— '* 

Si + 2 NaQII + H,0 - N^SiO a +,*H 2 . 

• Theoretically, to produte 1000 cubic feet of hydrogen 
at 30 inches barometric pressure and 40 F., 38*8 lb. of 
silicon and 111 lb. of pure caustic soda are required, or 
a total*wieight of pure reagehts equal to I49'8 lb. per* 
^000 cubic feet of hydrogen. - * 

The gas produced by this processls singularly pure, 

• generally containing 99^9 per pent. hydrogenfby volume 
(if the water vapour is removed before analysis), 'Oi per 
cent, of arsine and phosphine, '005 per cent, acetylene, . 
the remaining impurity being air, which is introduced 
in the powdered silicon and also in solution ir*> the 
water. • 1 

In working this process practically; pure-s^icon is" 1 ' 
not used, high-grade ferro-silicon, containing 82-92 per J 
cent, silicon, being employed. As will be seen from'th® 
above equation, theoretically 2 ‘86 parts of anhydrous^ 


caustic soda by weight 1 should be used for one part of 
silieon. However, in working in practice, one part of 
pure silicon and 17 parts of pure clastic soda arte, em¬ 
ployed. This discrepancy between the theoretical 
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quantity <of soda and that actually used has been investi¬ 
gated by the author, who originally considered that the 

'following reaction,might be taking place :— 

' ;■> ' ■ 

< Si + 2H s O = Si0 2 + jH 2 , /' 

o 1 0 

That is to say, the silicon was being oxidise^ by 0 the 
oxygen of the water, and hydrogen liberated^ '* 

The first experiment performed was the heating of 
the ferro-silicon 1 (92 per cent. Si) in a flask with boiling 
water; the resulting steam was condensed, dput there 
Was'iib residual gas. , Therefore it was concluded that 
at the temperature of boiling water no.reaction between 
ferro-silicon and water took place. 

Remembering that the ,temperature of the causV o 
soda solution used in the silicol process is above pxf C, 
frequently rising to 120 C., it was thought that a higher 
<■ temperature might perhaps produce the susQgpted re¬ 
daction; ferro-silicon was accordingly heated in an at¬ 
mosphere of steam in an electric resistance furnace To 
a temperature of 30& C., but still no hydrogen was 
produced. Consequently it was concluded that the ex¬ 
planation of the smaller consumption of caustic soda than 
would bj anticipated from theoretical considerations must 
be explained- on some basis other than the reaction of 
silicoi^with water. <. 

c TJ}£.next e,xperiment attempted was the heating of 
ferro-silicon.with sodiurli silicate, i.e. with a pure form of 
othe product of the usual equation. When ferro-silicon 
wps heated with an ^aqueous solution of pure sodium 
mono-silicate, considerable quantities of hydrogen were 

1 

1 The ferro-silicon employed was of French manufacture. I'have 
sincS found that some-high-grade Canadian ferro-silicons give traces 
of hydrogen with water underThe conditions cited in the experiments.’ 

«s 
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evolved, thus warranting the. conclusion that the ordinary 

equation— *, 

Si + zNaOH + ILO = Na 2 S;p 3 + 2 H, 

is not entirelyj.corrgct, and that a silicate/icher in silica 1 
than that indicted ui the equation was formed, and that 
• prcfcablj the following reaction proceeds to some ex¬ 
tent :—- * 

Si + 4 Na 2 Si0 3 + 2 H.X) Na 2 S,i 2 0 5 + 2 II 0 . 


Assuming this second reaction to take place at the 
same tirfTfe as thp first, the reaction can be expressed 
2 Si + aNaOrt + 3 H.,0 = NaoShO., + 4 H,, 

which is equivalent to 1000 cubic feet , of hydrogen at 
«ago inches barometric pressure and 40 F. being produced 
by 38^3 lb. of silicon and 5 5'5 lb. 0 of caustic soda’, the 
ratio of pure caustic soda to pure silicon beihg as 1 ’43 
is th iw, 

Using a plant producing about 30,000 cubic feet->of 
^fiydrogen per hour, it was found that C 1 '9 parts of caustic 
> soda (76 per cent. NaOH) to 1 part of Canadian ferro- 
silicon (84 per*cent. Si) gave very'satisfactory results, 
the ratio of the puro reagents being" as 172 parts of 
caustic soda by weight to 1 part of silicon. 7 ■> 

Theoretically, 227 cubic feet of hydrogen should have 
been produced per lb. of the commercial <erro-silicon 
used, but in practice it was found that 207 cubic feet were , 
obtained, the discrepancy of 1 ’S-’cubic feet Eyeing to’some , 
extent accounted for by the protective action of impurities* 
loss through leaks and also by hydrogen being mechani¬ 
cally carried away by.the water used for cooling the*- 
issuiitg hydrogen. • 

Description of Silicol Plant. —£he essential^ of a 
•siycol plant are shown in the diagram (Fug- 3)-* The 



requisite quantity, c 
6n the right and th< 
r a 25 per cent, solv 
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stirrer in this tank,' which, in small plants, is hand-oper¬ 
ated and in large cfyes power-operated. When the whole 
of the taustic soda has gone into solution, which it readily ‘ 
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does as a result of the heai of solution and the stirring, 
the valve D fs opened, allowing the whole of the sdtla 
solution to run via the pipe into the generator. Whea 
the solution Iras run from thq caustic soda tank into thfe 
generator the valve D* is ffesed, then the necessary 
, quqptity^of ferro-silicon is placed in ‘the hopper on tTie 
top of tft<# geneifttof and the lid of the hopper closed, 
making a gas-tight joint. In stria'll plants a little mineral 
grease is addld to the generator, via the grease box. 

The^Iant is then ready for operation, and silicol is 
cautiously fed into the generator by means of th<?"hand- 
operated feed worked from F. 

During the generation tTre fly id charge in the gene- 
■•■rator is kept stirred by nft»ns of the stirring mechanism 
worked from G. • The hydrogen produced passes Ihrough 
the tube oondenser (where it is cooled and *thus freed 
from steam \ and theft on to the gas holder. • 

An excessive pressure, due to rapid generation *of 
fiydrftgen, is guarded against by mentis of a water seal 
as shown. *, 

When generation is complete, tlfe resulting sodium 
silicate solution is rapidly run out via’ the trapped dis- , 
charge pipe and the interior of the generat^ washed ‘ 
with cold water supplied from the tap B. Thermon^eters 
at Ti, T2, T3, and T4 unable the temperaiure # at dif¬ 
ferent parts of the apparatus to be observed ^tnd, iS 
necessary, controlled. * . < 

The description of the apparatus has, of necessity, t<\ 
be somewhat general, as these plants are made in sizes 
varying from 1500 to 60,000 cubic feet per hour produc- * 
tioa S.nd consequently differ in detail; thfls, in large 
plants the tube’condenser is not employed and the hot 
•hydrogen passes up a tower packed with coke v down 
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whicft wafer is falling.* Further, injlrge plants, the 
generator itself is water-jacketed, as the heat of chemical 

reaction would otherwise be excessive. 

* 4 

k 1 The silicol process* ha$ the advantage of giving a 
very great hydrogen production per‘hour from ^ plant 
of small cost—its* disadvantage is that at the gre- , 
vailing cost of the reagents employed‘the hydfogen ic 
expensive. ** 

To sum up, this process is exceedingly useful where 
large quantities of hydrogen are from time*, to time 
fcquinM, but it is nof the best process to use where 
there is a constant Kour-to-hour demand for hydrogen. 

t 

The Silicon Cont&nt of {he Ferro-Silicon. —The 

grade of ferro-sjjicon .used in this process is very import¬ 
ant, as low-grade material does not yiefi anything like 
the theoretical quantity of hydrogen which should, be 
obtained from the silicol present. This arises to a slight 
extent from the protective action of the impurities, whisk'*’ 
enclose particles ol silicon and therefore prevent the 
caustic soda from ,att;tckitig it. 

The curve (Fig. 4), obtained experimentally, shows 

* that to get even moderate efficiency ferro-silicon of over 
80 per c^nt. silicon content should be used. 

f 

Tfje Degree of Fineness *of the Ferro'Silicon.— 
‘The degree of ‘subdivision of the ferro-silicon is also 

• important, not so much because of its effect on the total 
<yieW of hy.drogen, but because of its influence.on the 
rapidity of generation 

Fig. 5 indicates the speed of evolution of hydrogen 
from two simples of the same material, under identical 
■ conditions, except # that one sample was much egarser 
than the other. 



yield from 10 Grams (Litres) 
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Tiie Strength pf th'e Causae Sodjt.— The strength 
of {he caustic soda is very important in'thi^ process. If 
the solution is too c^ilute, a very poor yield of hydrogen 
> is' obtained, and also another difficulty i| introduced. 
When the caustic soda sbjutioh is very weak, on the 
introduction of the ferro-silicon dr “ silicof” reaction takes . 
place, but the whole solution froths* violently,‘'the froth 1 
being carried along the Jbipes from the generator, causing 
trouble to be experienced in the valves, and tending to 
ultimately block the pipes themselves. On ti^e other 
h&nd'uie caustic soda solution may be too strong, frn 
this case, before the whole of the caustic soda has re¬ 
acted with the 'requisite amount of oilicol, the solution 
becomes either very viscous or* actually solid, so a poor* 
yield is Vobtained and the sludge cannot be got cut of 
the generator without allowing it to cool down and then 
digging it out by manual labour. * t * 

» ‘The following laboratory experiments with ferrt^, 
silicon containing *92 per cent, silicon and caustic soda 
containing 9$ per cent, of spdium hydroxide illustrate the 
effebt of soda solutions of varying strength, and also the 
« effect of varying ratios of pur£ silicon to pure sodium 

* hydroxide^ From these it will be seen that the most 
econojmical results are obtained when a 40 per cent, 
solution of "caustic soda is employed and the ratio of 
•Silicon Jp .sodium hydroxide is approximately 1 to r6. 

* In practice such strong solutions are not used, as, 
awiflg to the evaporation of a good deal of the water 
^luring the process, towards the end a degree of concen¬ 
tration' would be reached Which would prevent the 

sludge from being ran out of the plant. A solution cen- 
taining about 25 per cent, of caustic soda is fouijd to 
give in. practice very satisfactory results. Such a solu- * 
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tion of commercial caus%c?soda, containing about 2^ per 

cent, of purq sodium hydrate, has at 100“ F. a specific 
gravity of approximately 1 '^2—a .figure which *is vety 
useful to r^riember, as by means of a hydrometer*a» 
rapid* check can be made s>f the caustic soda solution 
.baing prepared for use ih the process. 

• The ^atio of silicol to caustic soda should be such 
that the ratio of pure silicon to pyre sodium hydrate is 
as 1 to 172, but this figure is capable of modification 
to a slight extent, depending on the temperature of the 
mixture, which'is naturally higher in large plants thin 
in small ones. • , 


Experiment. 

• 

• 

Strength of Soda 

Solution. 

• 

• 

tl^atio of Silicon 
to pure Caustic 
Soda. * 

• 

Yield in Cubic Feet per lb. 
of Silicol. * 

1 (/ft 30” Bar. /nd 6o° F.). 

• 

!• 

-tr¬ 
io per cifnt. 

1 m 0 745 

73-62 • 

2 

IO „ 

1 „ 1 '065 

■ 4 ' 3 ° 

•• 3 

10 „ 

1 „ ('.(So 

, ' 5 '36 

4 

10 

I ,, 3 ‘200 

, 16-80 

5 

3 ° 

1 „ 0-352 

* 9'35 

6 

3 ° • .. 

' , 

23-9° # A 

7 

3 ° 

I n 319 

. 2 3 ' 5 ^ 

8 

40 „ • 

• . •„ 158 

24‘IO 

9 

40 

' .. 3 >9 

2^-50 

1 


The Use of Slaked Lime instead of Caustip Soda. 

—The experiments already described indicate that 
obtain hydrogen from ferro-siltcon a base.must l*e used, 
to rea£t with it. It therefore occurred to the aathry 
that the cost of the operation of the process might be 
reduced by the substitution of slaked lime for. caustfcT' 
sojTf. , • 

1 Theoretically the maximum possible yipld under these condi¬ 
tions of temperature and pressure woyld be 25-4 cubic feet per lb. of 
silicol of phis purity. 
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Laboratory experiments, usijag ferrp-silicon contain¬ 
ing 92 per cent, silicon and pyre slaked'limjfe, were made 
t6 see if the following reaction took place :— 

' Si + Ca(OH) 2 V H 2 0 = CaSiO, + 2&. 

I. i 

'The results of these experiments indicated that when 

1 part of ferro-silicon, 2'5 parts 0/ slaked jfifie, and 
10 parts of water werrj used, a yield of 153 cubic feet 
of hydrogen was obtnined per lb. of ferro«silicon used. 
Theoretically, under the conditions of the experiment, 

2 £'4 pybic feet should have been produced p'fr lb. of 
ferro-silicon; consequently it can be safely concluded 
that without an external supply of heat the suspected 
reaction only takes placfc to a vyry limited extent. 

Remembering that slaked lime will decompose 
sodium silicate, producing caustic soda and calcium 
sjlicate, in accordance with jhe following equation :—r 
Na 2 Si 0 3 + Ca(OH); = aNaOH + CaSi 0 3 ‘, 


it was thought thdc the following reactions might take" 
jjlace if botlfcaustic sod$ aijd slaked lime were employed 
at the same time ' 


. (1) 2S1 + 2NaOH + 3H/)* = Na 2 .Si 2 0 , + 4H. 2 . 

* (^NajSiA + Ca(OH), = 2NaOH + CaSi 2 0 5 . 

Siftce the caustic soda in the solution would be re¬ 
generated aflfter it had reacted with the silicol, it would 
oe available for reacting with yet more silicol, and would 
*consequently‘reduce the quantity of caustic soda used in 
the process.' 

» *The following experiments, using a mixture of slaked 
lime and caustic soda, appear td indicate that the sur¬ 
mise was partly or wholly correct, for with approximately 
only* Half as muclf.caustic soda as ferro-silicon a,yield 
of almost 16 cubic feet*of hydrogen per lb. of ferrp- 
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silicon was obtained. %«contr£tsting t these e*perifn^nts 
with those alfeacfy given, uSing caustic soda alone,'it* &H1 
be seen that the yield obtained froijj the caustic %oda k 
much greater than that whiqh would have been obtained , 
were no lime present. *Whyther in operating on a large 
.scale equally gc?od results would be obtained has not yet 
fceen determinefl. 1 * 


Experiment. 

• 

• 

Ratio of Silicon to 
pure Caustic Soda. 

____•_ 

• • 

Ratio of Silicon 
to Lime. 

Yield in Cubic Feet 
per lb. of Silicol at 
30” Bar. and 6o° F, 

# 

• 

• 

--V,-r 

1 

1 to 0-426 

1 to 1-5! 

>4'95 

2 

I „ 0-426 

* 1 „ 2-72 

r5-9S 

3 

1 ,, 0*426 

*. 

1 >,\r°4 

’ '5-2.5 


The Chemical Composition of the Sludge.— The 

ecfuatjons which have already been given indicate that the 
products of this process are hydrogen and sodium disifi- 
^:ate in solution in water. Since, hywever, neither the 
ferro-silicon nor caustic soda employed atq pure, in the 
practical production of hydtogen by this method,.pro¬ 
ducts other than thqse shown in the equations are found. 

’ The commercial caustic soda employed always con-* 
tains a certain amount of carbonate of soda, Which takes 
no part in the reactiop and is found unaltered* in the 
sludge. The same remark applies to the iron cfintain^jl 
in the ferro-silicon. , ' - 

The following analysis gives the chemical conjposi- 
tion of the sludge produced when 1414 *lb. of ferro- 
silicon, containing 8^ ppr cent.*of silicon, and .2688 Hjt. 

. ** Since the above experiments the aut^pr has fo 9 nd that there is 
a patent for the "use of lime in conjunction with caustic foda and 
silicon, which, under the name of “ Hydrogfcnite,” has been employee 
Jby the French Army for inflating observation balloons in (he field. 
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of caustic soda, containing /6 pe| cent. 9^sodium hydrate, 
wah employed. Besides the'sludge 2^30^ cubic feet of 
hydrogen was proceed, measured at a temperature of 

• 6b F. and a barometen of ;o inches. s 

* 

*> Chemical Composition of Slu^he. 

‘ * Percent.* 

, r bjAfceight. 


Moisture .. 

• 2774 

Silica . . . * 

• 3 6 ‘79 

Sodium carbonate ". V 

, *■ . 6-04 

Soda (Na» 0 , other than carbonate) 

20’o8 

Insoluble and undetermined 

■ * 9’35 

,«* 

* IOO'OO 


Chemical Composition or Soda Solution Used. 


Caustic soda . 
Sodium carbonate 
Specie gravity tit too 1 ’ F. 


24'5 

3 -0 

i»324 


Chemical Composition oi Ferro-Siucon Used. 


Silicon 


• 

9 

• 

84*0 

• Iron 





6-9 

Aluminium . 

* 



5-3 

Carbon 

f 




•2 

Undetermibed 

• * 1 



_ 3)6 

• 


t 

% 


IOO'O 


Screen 

Analysis of 

« « 

Ferro-Siucon. 



Through 

2o„on 

3 ° ■ 

Grms. 

• 1 4 , ’5 

_ 

'er Cent. 
10-28 

3 ° „ 

40 . 

• RS-o 

=* 

6-17 

»P 

* 4 ° „ 

50 . 

98*0 

= 

7 “ 

»> - < 

5 ° 0* 

60 . 

■ • 85-5 

= 

6'2 1 

_ * 

60 „ 

70 . 1 . 

. 103-0 

= 

7-48 

>> 

yd ■„ 

80 . 

r 17 'o 

= 

8-49 

• 

„ 

90 . 

. . /) 4 - o 

= 

4 <4 

)» 

9 ° ». 

100 . 

104*0 

- 

7'55 

• 

>} 

100 „ 

120 f 

t . . 81*0 

= 

5-88 

t 

»» 

120 „ 

150 . 

' • * • 338-0 

= 

24-55 , 

>• 


2 op . 

89*0 

= 

6-46 

Passing 


200 . 

70*0 


5-12 

( 


• 

1376-5 


99 ' 94 * 


‘Standard I.M.M. screens. 
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The Use of*l$inera| Greas£. —Tp reduca the'fi^th- 
ing and primtpg Vi this process it is customary to’intro¬ 
duce a little mineral grease, which 4Joats on tire ‘surface 
of the caustic? soda solution and iprevents the formation • 

| l ^ 1 t 

of tha froth to a considerably Extent. 

* About 32 lft. of mineral grease’are advocated per 
1000 lb. of silicol dsed. However, if the caustic soda 
solution is strong, i.e. about 25 percent, sodium hydrate, 
and the generator is wide, giving a large surface and a 
shallow depth to the caustic soda solution, no grease 

nfted be used at" all., , ***. • 

* 

• 

Precautions to.be Observe^ —In this process very 
1 great care must be takeif in the introduction of the ferro- 
silicoi*. When the ferro-silicon' is attacked^by the 
caustic soda large quantities of heat are given out, 
raising the,temperature of the caustic soda solution. If 
tjie caustic soda solution is cold, ferro-silicon can ’be 
introduced into the solution far more* rapidly than it is 
attacked by the soda; consequently there’is likely tq, 
exist an accumulation of ferro-silicon in the solution,’the 
temperature of which is - gradually rising. A certain . 
critical temperature is ultimately reached when jhe whole * 
of the accumulated ferro-silicon is’almost instancy at¬ 
tacked, with large yield’of hydrogen and consequently 
the production of high pressure in* the generator* 
Several explosions have been caused in* this country * 
from this reason. While it is impossible jto give’anyw 
definite figures, in the ordinary commercial plant for ihq, 
production of hydrogen by this process the ferro-silicon* 
shauld be added in small quantities, with a period of 
waitiog between each addition, until the caustic* soda 
• solution reaches : a temperature* of about 180' F. At 
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thi'tdmperature, \yith a' 25 perlcent. solution of caustic 
soda', fiigh-grade ferro-silicon'is almost tfist^htly attacked, 
so it can then be jkdded continuously at a rate which 
1 does not produce a pressure above the working pressure 
ofjhe plant. •, * < 

In plants for the operation 6f this process nj? red*or 
white lead whatever should be us Ml for makfng jointsf 
as both these substances at a comparatively low tempera¬ 
ture are reduced to metallic lead by ferro-silicon, with 
the evolution of large quantities of heat and thtf produc- 
tfon ofmcandescence, the reaction taking'place with sueh 
rapidity as to constitute almost an explosion. This can 
be easily illustsated Ijy making a, mixture of finely 
divided ferro-silicon and dry red lead, in which the ratio 
of the tVo is 1 gart o'f pure silicon to 12'2 parts ©f red 
lead. I Ta" match or the end of a cigarette is put to this 
mixture it goes off violently 7 *, with the production of great 

heat, in accordance with the following equation :— 

• • 

• Pb 3 0 4 + 2S1 = 3Pb + 2Si0 2 . 

“That the temperature produced is exceedingly high can 
be well illustrated*by putting,-say, half an ounce of an 
« intimate cky mixture of ferro-silicon and red lead,'in 
whiclj thfe proportions of the active principals are as 
indicated ir^ the above equation, on a sheet of thin alu¬ 
minium, say A pf an inch thick. On putting a match 

to this mixture it will be found a hole is melted in the 

• • 

aluminium sheet. 1 

All air must, if possible, be excluded from the plant 
—f^rior tp the introduction of the t caustic soda, as other¬ 
wise in thtf early stages of generation of hydrogen ^an 
explosive; mixture plight arise which on* ignition would 

* 1 • 

• 1 The melting poiht of aluminium is-658° C. 
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produce a dangerous e>lpfosron." Si\ph # ignition fnfght 

arise from a spark produced from the mechanism msfdfc 
the generator, by ferro-silicon coming in contact with 
red lead whifch might have, been used in making the • 
joints.in the plant, by mcan^scence produced by thg 
Reaction of ferro'silicon with caustic "soda itself. If an 
intimate mixture* of ’powdered caustic soda is made with 
ferro-silicon in the ratio indicated t in the equations on 
the silicol process, and this mixture is just moistened 
with wat*Sr, hydrogen is rapidly evolved and the reacting 
ntass frequently "becomes incandescent. Such conflftiods 
might arise in a’plant for operation* of this process, by 
the caustic soda being splashed on to •some recess in 
the generator, there becoming concentrated, and ferro- 
silicoa coming* into contact with tfiis concentrated 
solution. It is for this reason that caustic soda and 
ferro-silico» should 'never b£ stored in close proximity 
to each other, as this dangerous reaction may arise from 
t]je breaking of drums containing the’ two, reagents. 

Since this process is genpraMy operated' in conjunc¬ 
tion with a gas-holder, the most easy way to exclude air 
is.to allow hydrogerl from the gas-holder to blow back, 
through the plant prior to putting this in' operation. * 
Hydrogen equal to about four times the volume ^pf the 
plant is required to thoroughly exclude the«ir. # 

The following patents with regard to this process afe 
in existence:— ’ • * 

Consort. Elektrochem. Ind.—English patent 2fo3-\ 
September 14th, 1909. , - . 

French patent 418946, July 18th, 1910. 

• English patent 11640, May 13th, 1911. 

Jaubert—French patent 430302^ August 6th,* 1910. 
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There is a modification < f this method known as the 

hydrogenite process 0 whereby the use of an aqueous 
solution of cadstic soda is avoided. < 

*■ An intimate mixture of ferro-silicoa and powdered 
caustic soda or lime is packed in strong cylinders corif 
municating with a high pressure storage. By means of 
a fuse the temperature is locally raised so that chemical 
reaction takes place, with the production of hydrogen 
and gedium and calcium silicates. . 

This modificatini is covered by Jaubert, English 
patent 422296^1910; English patent 153, 1911. 

With Carbon.— If caustit soda is heated to dull 
' redness Jvith charcoal or anthracite or some otheV form 
of pure carbon, hydrogen is evolved and sodium carbon¬ 
ate and sodium oxide produced, in accordance with the 
following equation :— „ 

4NaOH + C = Na 2 CO :) + Na ™0 + 2H.. 

.Theoretically, to produce 1000 cubic feet of hydro¬ 
gen at 30 inches barometric pressure and 40° F. by this 
1 process, 2i-2 lb. of caustic soda and i6 '6 i lb. of carbon 
are requiied, Of a tojal weight of pure reagents equal to 
238'fn per ( iooo cubic feet of hydrogen produced. 

4* The hydrogyu produced by this process would be 
( liable 'to contain traces cf methane, arsine, and sulphu¬ 
retted hydrogen, the amount depending on the purity of 
the coal used. 

-f- A modification of this process, whereby the caustic 
soda is replaced by r slaked lime, is covered by a patent 
taken,ougin U.S.A. by Bailey in 1887. 

t f » 

•i 

Wrih a formate or Oxalate.—If sc'dium formate is ' 



Dl 

* 

I 


CHEMICAL METHOD*. 

\ *. i 

heated with cau&ic sodali* the 'form,of soda*limt,4he 
following rea&ioiMakes plate :•—• * " • 

H . COONa + NaOH,= Na.,0O 3 + H.„ 

• * ^ 

This method bras bSen uspd for the*production of 

hydrogen in the ^laboratory ; ’however, it cannot be rf*^* 
*^rded al^eingularly convenient. 

If the sodium formate is replaced by sodium or 
potassium oxalate a similar reactioif takes place :— 

NajCjC^ + 2 NaOH = 2Na 2 C0 3 + H 2 . 

* This last method; it is interesting to note, was’em¬ 
ployed by Amag"at for the preparation of the hydrogen 
for his classic experiments on the*relation 3 hip of pressure 
to volume. ’ ’' . . 


(3) Methods in which Hydrogen is Derived from 
' • * Water. 

• 

* Hydrogen can be derived from w’aterjjy meJms of 
the alkali and alkali earths groups of metals, but since 
all these are expensive, the production of hydrogen fnom 
these sources is limited* to the requirements of the t 

chemical laboratory. ' ’ • 

» 

With Lithium. —If .metallic lithium is^ placid in 
water it is attacked by it, in accordance with 
following equation, with the production of hydrogen 
and lithium hydrate 

2 d + 2H,0 = 2 1.iOII + H... 

» ■ » 

It is interesting to*nofe that since metallic lithium ’ 
has a* density of '59 (the smallest detisity of* any solid), 
it floats on the jurface of the watej; while it’ is being 
•attacked. 
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Withe Sodium .•—If riietallic sodjum is placed in 
water it is attacked by it, in'accordance with the follow¬ 
ing equation, with}, the production of hydrogen and 

Sodium hydrate :— , 

* * 

2 Na + 2H 2 0-= 2 NaOH+ H». 

Since considerable quantities of< heat are driven oljt 
when the sodium is attacked by the water, much of 
which heat is communicated to the metal, it frequently 
melts while being attacked, the melting point of the 
metakfeeing 95-6° C. 

While the abctve equation expresses the principal 
reaction which takes place, a second reaction also 
occurs, leading to the production of sodium hydride, 
whidh 'is somewhat unstable under these conditions and 
occasioififly explodes with violence, to avoid which a 
piece of apparatus has been design :d by J. Rosenfeld. 1 

With Potassium. —If metallic potassium is placecMn 
water it is- attacked, in accordance with the following 
'equation, with the production of hydrogen and potassium 
hydrate:— * «■ 

2 K + 2H..0 = 2 KOH + Ho. 

■%ch is the heat which is liberated during the re¬ 
action'that'if a piece of potassium is placed in a bucket 
of waiter, the fnetal is carried to the surface by the 
1 vigorous stream of hydrogen produced, and there be- 
*> comes so hot as to ignite the hydrogen evolved, 
c 1 The same remarks which have been made as to a 
secondary ^reaction with regard to sodium, apply with 

like force to potassium. 

«• « • 

A 

1 “Prakt. 6hem.,” 48, 599-6^1. 
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With the Alkaline Earths. • ' 

, s* , ’ » ,, 

With Ma^neSium.— If metallic magnesium displaced 

in water which is heated to its boiling point, hydrogen is? 
slowly evolved, in .accoi^lanoe with the following equa- " 
tion, producing hydrogen an<j magnesium hydrate :— 
W Mg + %2 H ,0 = Mg(OH), + H,„ 

To accelerate the reaction, the* magnesium is gently 
heated in a tube and steam parsed Tiver it. 

With’^Calcium.— If metallic calcium is placed ip 
water at ordinary atmospheric temperature it decomposes 
it in accordance ’with the following equation, producing 
a vigorous stream of hydrogen and calcium hydrate :— 

Ca + 2 II »0 = CafOHV. + H*. 

» • * 

• * 

With Strontium.— A similar reaction to that already 
given Tor calcium takes place’ but somewhat more vigor- 

m ] y- ’ , 

~"*With Barium.— A similar reaction to flint already 
given for calciufn takes place, but mufch more vigorously. 

* • 

The Bergius Process. ’ 

> 

With Iron.— If metajlic iron is heated in the^pres- 
ence of water under very high pressure, kydrogeTr'i^ 
evolved and magnetic oxide formed, in accordance with 
the following equation :— ’ 

3p'e + 4H2O = Fe 3 0 4 + 4H 2 . 

» • 

This method, which is known as the Bergius process, 
,wg£ put into commercial operation i.i 1913 at Hanover. 
It haj two great advantages—a very- pure hydrogen is 
. produced, and siice it is under <great pressure, it,can be 
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use8 to fil! bottles ( withdut the^itse of a compressor. The 
chemical composition of the hydrogen produced is given 
as follows :— , 

< ' r 

Hydrogen . <. .. 9y'95 percent. 

Carbon monoxide . r . . 'ooi „ „ 

Saturated hydrocarbons. ‘ . 'of- ,, „ 

Unsaturated hydrocarbons . . -odX „ tf'" n 

but amount of the car'bon compounds must be greatly 

influenced by purity of the iron employed; however, 
it appears to be a fact that little or no sujphuretted 
Hydrogen is produced, even if the iron contains appreci¬ 
able quantities of stflphur. 

While it has. been stated” that the hydrogen is pro¬ 
duced by the action of water, tt high temperature and 
pressure upon Metallic iron, this does not entirely de¬ 
scribe the chemistry of the process, for the inventor has 
found that the presence of"certain 'Metallic salts -in 'the 
solution, and also other metals, greatly increase the 
speed of productidh of hydrogen. The following com¬ 
parative table of productions of hydrogen from equal 
weights of iron clea’rly illustrates this point:— 


: 

Temperature 

Volume of Hydrogen 

c 

G 1 ' 

0 c. 

per Hour. 

kax>. dbd pure water . 

3 00 

230 c.c. 

Tlron, water, and ferrous chloride 
Iron,'water, ferrous chloride,' and 

3 00 

' 39 ° 

pietallic copper 

- Iron, water, ferrous chloride, and 

300 

■ 93 ° » 

C 

metallic copper 
^ I 

34 ° 

C 

345 ° „ 


In the commercial employment of this process ir is 
believed'that the;working pressure is about 3090 lb. 
per sq„ inch and the temperature 350° U. ' 
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In the discharge from^the vessel in whicn the hydro¬ 
gen is produuedVftiere is a reflux condenser which effec¬ 
tively prevents any steam from escaping from .the plant 
when the hydrogen is drawn tiff. " , 

One of the remarkable features of this process is the 
fact that since t*je water.preisure is so high, it penetrate? 

**^Tglit iittfvhe iran particles; consequently they are en¬ 
tirely employed, and a yield cJosely approaching the 
theoretical is» obtained. • • 

Theoretically, 1000 aubic feet of hydrogen (at 30 
inches barometer and 40° F.) would be produce^ wi{h 
an expenditure of 116'5 lb. of mfita'Jic iron. 

The size of the plant* is very small for the yields ' 
obtained, it being staterj that a'generator of 10 gallons’ 
capacity gives t 1000 cubic feet gf hydrogen at atmos¬ 
pheric temperature and pressure per hour., • 

• rafter the companion of tjie reaction the pressure can 
be let off from the generator and the magnetic oxide of 
iTOn produced removed and reduced by water* gas *to 
£fi? metallic state, when it can again be eTnployed in the 
process. * * * » * 

It is claimed tljat the cost of. hydrogen by this 
process is exceedingly low ; consequently, ifc this is cor-* 
rect and the mechanical difficulties of manufacturing 
generators to withstaryd the very high pressures and 
chemical action are satisfactorily overcome, this *ptr.c^gs 
would appear to be one of thejiighest value for the com¬ 
mercial production of hydrogen. ' , . * 

A certain amount of information with Regard to thisS* 
process can be found in the following paper : “_Prddu<f- 
tiors of Hydrogen from Water and Coal fsom Cellulose 
a*t High Temperatures and Pressures,” by F. Bergius, 
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the' “Journal of the Society 6f^ Chemical Industry,” vol. 
xxxij., f 1913. ' ' , 

The process is protected by the following patents :— 

■ German Patent, 254593, 1911. 

French Patent, 447080, 1912. 

English Patent^ 19002'and. 19003, ’912. 

United States Patents, 1059817,•. 1059818,,1913, ^ 


all in the name of F. Bergius. 

While the previous method is of commercial impor¬ 
tance, the following method is of interest:— 1 

< When the ordinary process of rusting of iron takes 
place, hydrogen is e/olved. 

It is generally considered that iron docs not rust 
when it is in contact with,..7vcrfectly pure water, free 
from' cArJjon dioxide or any other mild, acid. Ip the 
following method iron filings are placed in a steel bottle 
partly filled with water saturated with carbon dioxide; 
the bottle is then closed and sealed. It is then agitated, 
the following reaction taking place 

' Fe + 11,0 f CQ, KeCOj + H,, 

This method is one of interest and is described by 
* Brunojn the “Bull. Soc. Chim.,” 1907, [iv.], 1661. It 
' cannot, however, be regarded as having a commercial 
use. y 

■ •- ; ~With Hydrides .—As has already been stated, the 
( hydrides of the metals of the alkali and alkaline earth 

f roups produce hydrogen on being placed in water. 

lowever, in only two cases are these reactions worth 
'consideration. 


C 

Wjth Lithium Hydride.—If lithium hydride is 
brought into contact with water, hydrygen is evolved 
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'and lithium hydrate formed,*ii] accordance witjt th^fol¬ 
lowing equation ^ . ' < 

l*i 4 H, + 4 H.,0 a 4 LiOH + 3 Ho. 

• • , 
Such is th*e rarity of Jithium at the present time that 

the above is neither a commerqidl nor a laboratory method 
•qjjiroduqng hydfogen. ’It is, however, of the greatest 
interest, o^ing to the large yield of hydrogen obtained 
from a small weight of lithium hydride. Theoretically, 
1000 cubic feet of hydrogen at 30 inches barometer 
and 40° P.are produced from 2776 lb. of pure lithium 
hydride and 66 (5 lb. ,of water. lyiany ingenious 'ideas 
• have been put forward for the employment of lithium 
hydride in airships so that in tlje even* of an airship 
loosing gas from some this may be replaced by 

hydrogen manufactured in the airship. As has been seen, 
theoretically, 9476 lb. of reagents are required to pro¬ 
duce itioo aubic feet'of hydrogen at 30 inches barometei* 
a 3&4°° N° w t ^' s amount of hydrogen would have 
ai'&of 74 'o 6 lb., so if the products of the; manufacture 
* of hydrogen were dropped tjie‘.buoyancy of the ship 
would be increased by 9476 4- 74'of> lb., or i68'42*lb. 
for.every 9476 lb. of* maferial dropped from the ship. 
However, interesting as these suggestions are, such 
is the rarity and cost of lithium fhat at the pi^gent 
time they are not capable of realisation, th#ugh fig,mx 
discoveries of lithium minerals and cheaper methods for 
the production of lithium hydricle may possibly render 
these ideas of practical value. , 

• 

The HmRouTii Process. 

• • 

With Calcium Hydride. — If calcium hydride is 
.brought into, coi/cact with watgr, hydrogen is evolved 
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and, falcipm hydrate .forjned, in accordance with the ' 
following equation :— . / > 

, - * CaH, + 2H,0 = Ca(OH) 4 + 2 Hi 

‘ Theoretically, to produce 1000 cubic fe& of hydrogen 
„at 30 inches barometric pleasure and 40” *F., 58*4 lb. of 
pure calcium hydride and 49'95 lb. of Water are j-equisqd ,• 
or a total weight of 108'4 lb. of puiV. reagents per loot) 
cubic feet of hydrogen.' Since, however, water does not 
have to be carried in most parts of Europe, the theo¬ 
retical weight to be carried per 1000 cubic feet of 
Hydnjgen required is 58'4 lb. This mfethod, known ‘ks 
the Hydrolith process, has been satisfactorily employed 
by the French • Army ,in the field ,for the inflation of 
observation balloons, the csiAtlm hydride being packed 
in air- and watertight boxes for transportation, Mn the 
commerciar production of calcium hydride small quan¬ 
tities of calcium nitride arts produced, which, when'the 
hydride is attacked with water gives rise to ammojjia, 
in accordance with the following equation :— 

Ca 3 N 2 + { 6H 2 6 =* 3Ca(OH) 2 + 2NH,. 

However, as .ammonia i^ very readily soluble in 
* water, 1 if .the hydrogen produced in the processes 
scrubbed, with water the ammonia is almost entirely re¬ 
moved and an exceedingly pur? hydrogen results. 

This process is protected by a French patent, No. 
3278^8, 1902, in the naipe of Jaubert. 

I * 

‘ ‘With Metallic Sodium and Alumipium Silicide.— 

If a mixture of metallic sodium and aluminium silicide 

«, * < 

1 Is placed in water, hydrogen Is evolved, with the pro¬ 
duction of Sodium, silicate and aluminium hydrate,, in 
accordance with the following equation : : — , 

AlgSi, + 8Na + iSHjO * Al 2 (OH), + 4NksiO a + ijHj. 
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Theoretical^, • 1000 cubic feet of hydrogen Jit, 30 
"inches barometer and 40° F. are produced from. 64'8 lb.^ 
of this mixture. It is, however,**believed that ths 
practical yield, is about* 80 per Cent, of *this figure. 

This process is essentially one for the production of* 
*>fefdrog«» for waj proposes, though t!ie author does not 
Icnow of any actual use of it. Th<j mixture can be made 
into briquette.^ which must be packod into air- and water¬ 
tight boxes. The method, which is sometimes known 
as the “ 5 ital process,” is protected by a United Statej 
patent'— 977442, 191b—in the name of Foersterling and 

Philipps. ’ • 

. . * 

With Aluminium.— ordinary metallic aluminium 
is placifed in evfin boiling water, little or no chemical 
action takes place. However, if the aluminium is first 
amalgamated with mercury it’ is rapidly attacked by hot? 
W||er, with the formation of aluminium hydrate and 
hydrogen, in accordance with the following equation :— 
24I + 6H.,0 = Al?(Oft) r , 4 3 H 2 . < * 

Theoretically, to produce 1000 cifbic feet of hydro¬ 
gen at 30 inches barometric pressure and 40^.,*50 lb. 
of aluminium are required. • . * , 

In the commercial application of this qjetho<J* 7 t is 
not necessary to amalgamate the metallic aluminium 
with mercury by hand, as advantage is taken <Sf the 
fact th^t aluminium will reduce aqueous solutions af 
salts of mercury to the metallic state, in accordance wjth 
the following equation;—* 

. 2AI + 3HgCI 2 = 2A1 CI s +*3Hg. 

Consequently, if there is an excess af aluminium bvet 
‘that required by the equation, this exoess will be 
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ajifojnatically amalgamated ty the metallic mercury as 
it is produced. ' ( ^ 

, In a practical application of this, method by 
Mauricheau Baupre,‘"fine 0 aluminium filings are mixed 
—with a small proportion of mercuric ^chloride (HgCl 2 ) 
and potassium cyanide (KCN), yhiqh causes, a slight* 
rise in temperature an,d produces a coarse powder, which * 
is quite stable if kept free from moisture., This mixture 
can be kept in air- and war/?/-tight boxes until it is re¬ 
quired, when it can be gradually added to wCter kept at 
about 70° C. A brisk evolution of hydrogen then takes 
place which closely approximates to the theoretical yield. ' 
Another v&ry interesting application of this increased 
chemical activity of aluminium when amalgamated with 
mercury ijs incorporated in a toy which is sometimes 
seen on sale under the name of “ I);iddy Tin Whiskers 
'This toy consists of an aluminium stumpifig, of a face 
and a»pencil, the yore of which is filled with a preparation 
.chiefly conjpbsed of a, mercury salt. It is operatefhby 
tubbing the eyebrpws* anti chin with tljis special pencil. 
Shortly afterwards white hpirs of aluminium oxide 
(AL1O3) gather wherever the pencil has touched 'the 
aluminium. 

«"fo operate the above prqcess for the manufacture 
jof-hydrogen it is necessary that the aluminium should 
be as pure as possible qnd should not contain copper. 
Tjje commercial light alloy, known as “duralumin,” 
which contains about 94 per cent, of'aluminiuftt and 4 
» pgr cent, of copper, isf entirely unsuitable for generating 
hydrogen in the method above described, as it is ;dmost 
unattacked by even boiling water cqntaining a sfnall 
auantitv of a mercury salt. V 1 

,* 1 “Comptes Rend.,” 1908, 147, 3.10-1. 
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The following patent's dfeal with ,thj£ proiess*— 

■ French pAtetft 392725* 1908, in the name of^taufi- 
cheau Baupre. * , ,• * 

English patent 31^8, 1909,* in the .name of Gries-* 

heim. . * 

- 1 » * 

Gasman- patent 229162, 1909, ill the name of Gries- 
•heirn. * 

With Afuminium Alloy* —T'tre following alloy— 

Aluminium. 7 S-98 parts. 

Zinc . ... ... .15-1-5 „• 

Tin .*. . . . 7 -o ‘5 .1 

• 

is made and cast into ablate ; after cooling it is amalga¬ 
mated with mercury, /fitfer amalgamation the; pjate is 
heated as strongly as possible without volatilising the * 
mercury. When ij has become thoroughly amalgamated 
it is allpw^d to cool and is thei^ ready for use. * 

***. If this alloy is put into hot waiter it readily yields 
"hj'drogen ; the hydrogen yield is proportionate to the 
aluminium an$ zinc content.* * . 

The gas produced is^ very pure. , 

. This process is protected by the following, patent • 

Uyeno, British patent, 11838, 1912. , 

’ * 

With Steam. t * '* Z 

In considering the # production of hydrogen fronj 
steam, a considerable number of processes must bd d)n-^ 
sidered in which the first sta^ (which is commqn 
all t the processes) consists in the manufacture* of blue’ 
water gas; consequently, prior tb the 3 escription of 
these processes^ amongst the mos^ important of,which 
.are* 
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t The Ifon Contact process,' > /- ( 

The Badische process, ' 

' The Linde-Frank-Caro process, 

* the manufacture of water gas will be described. 


The Manufacture of Wat^r Gas.',, 


When steam is passed over red-hot carbon, the two 
following chemical reactions take place :—’ 

(0 c + luo =*co + il. 

r •' ' (2) C + 2H 2 0 = CO., + 2Ha * 


The question as 'to which equation ■ represents the 
predominant reaction yaking place, depends on the 
temperature of the carbon; rtfoghly speaking, the higher 
» the temperature’ the' more closely does the ruction 
coincide with the first chemical equation. 

* The following experimental results (H. Bunte, iur 
Gasbeleuchtung,” vol. 37, 8i) clearly illustrate the eff^ 
of temperature on‘the chemical composition of the pjo,-, 
ducts of the reaction :—„ 


4. , 

Temperature 

Per Ctnt, of Steam 
Decomposed. 

Composition, by Volume of Gas 
Produced. 





t 

L V. 

H,. 

CO. 

CO.,. 

«■ 





674 

‘ 8-8 

65-2 

4'9 

29’8 

7 S» 

, 25-3 1 

652 

7-8 

27'0 

« .838 

41 'O 

61 9 

i 5 '* 

2 2 '9 

954 

1 70*2 

533 

$ 9‘3 

'6-8 

t , 1010 

94-0 , 

48'8 

49'7 ' 

r 5 

* 11 26 

99'4 

S°' 9 „ 

4 »-S 

0*6 







Iq'the first of the chemical equations given, it will 
be seen .that the products are composed of '50 per cent,' 
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hydrogen an$l per cent, iarbon mogoxidi, white in 
fche second, the' composition is 66'66 per cent, hycfrogefi 
and 33'33 per cent, carport dioxide; in Dr. dunte’sf 
experiments, figures cl<*sely •approximating to the first • 
equation were obtained ^whqn* the temperature of the. 
jC'^Aon.was roo^P-i ioo" C., while fig’ures similar to the 
products indicated in the second equation were found 
when the terryperature was 674° C., 

Now, whatever purpose water gas may be required 
for, its uss^or this purpose depends on the fact that the 
gas will combine with oxygen with the evolutidh of 
heat, consequently the plary: should be worked to make 
the product with the highest salorific power for the 
lowest fuel consumption?' This requirement is r.eaphed 
more ‘closely if* the plant is operated so that “the first 
equation represents the chemical reaction which takes 
place? consequently, in the practical manufacture of water 
g^the coke or other fuel in the gas producer ‘ihouW 
be at a temperature of about 1000° C. • 

The chemical reaction producing the decomposi¬ 
tion of the steam is endothermic, that is to say, as* the 
reaction proceeds, the temperature of the co.ke fells, so 
that in order to obtain a gas approximating tq the pro¬ 
ducts in the first equation, heat must be Supplied Vy the 
coke, to counteract the fall in temperature* due ’to it* 
reaction with the steam. * . 

In the oldest type of plant, the coke which was used 
for the* manufacture of the water gas was i» a cylinder, 
which was externally heated b'/ a coke or coal fire 
however, this .procedure was not very efficient, 5 nd the 
practice is not in use at all at the present time. 

In practice to-day there are two Methods of nfaking 
’ Abater gas, ofte the English or Humphrey jnd Glasgow 



\\i' MANUFACTURER H^DcRREN 
method, ‘and „the other' the Swedish ,or Dellwick- 

c r r t ( f < 

Fleischer method. ( ' / 

( ' ‘ t t 

O o 

English Method.—It ,has already befn pointed out 
that from thermal chemical reasons, thd coke through 
which the steam is passing in' the'manufacture of \\ater r 
gas should be at about 1000 C. iif order to obtain good ( 
results, and that as a ‘result of the reaction between the 
coke and steam, tne temperature of tHe former falls, 
necessitating the addition of heat to the coke mass, in 
hrdcf to keep up the efficiency of the process. « 

It is in the method of maintaining the coke tempera-. 
ture that the .English and Swedish systems differ. In 
both systems the coke is k#pt »at the proper temperature 
by shutting off “the steam supply from time to tiine, and 
blowing air through the coke, the products of the air 
.blast passing out of the generatoY through a different 
passage to those of thfe steam blast. 

Tne effect of blowing air through the coke "is "of 
b.ourse to produce hegt, for the following reactions to 
a lesser or greater’extent take place :—* 

. _ ' (i) c + o, = ccb, 

(2) C 0 2 + C = 2CO, 

ani^he heat,' which is produced by the combustion of 
•ionufoi thb coke, heats the remainder, thus raising its 
tempprature, so' that the air blast can be shut off, and 
the steam blast again turned qn. 

In the English system the depth of the coke in the 
. generator is considerable, consequently the' carbon di- 
oxideTormed at the base of the “fire tends to be reduced 
in the upper part of the fire by the hot.coke, in accord¬ 
ance with equation (2), therefore in the English system 
during-’ the w air blast a* combustible gas *is produced." 
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However, ^hi&*at first sight this mightappear t<J fie an 
Stdvantage, ttfere* are several disadvantages associated 
with this method of working. la* the first place, th*e 
gas which is produced during the air blast, though corn-* 
bustible, is not a gag of high.calorific power, as it contains 
. aflfcff «i-largt amount of atmospheric nitrogen ; in fact, 
‘under the most favourable circumstances, the gas pro¬ 
duced during the air blast wjll n*t contain over 30 per 
cent, of carbon monoxide.^while the rest of it will be in- 
combustfajp, being chiefly nitrogen together with some 
carbon dioxide. Another disadvantage of this System 
is that since fhe coke ig permanently burnt only to 
carbon monoxide, the amount of heat actually generated 
in the coke mass is cdihptiratively small, consequently 
the rate of temperature rise in the coke mass te slow. 

In the Swedish or Delhmck-Fleischer method, the 
coke temperature is from time to time raised by means 
.i^an air blast, but in this case the depth o£ fuel* is 
•relatively shallow, so that the carbon* burnt remains 
permanently ip the form of earfton dioxide ; and sine® ir 
burning equal weights of carbon to carbon moribxide 
and carbon dioxide over three times as lpuch. heat is 1 
generated in situ when the carbon is burnt, to carbon 
dioxide than when burnt to carbon monoxide, thp rate 
of rise of temperature of the coke mass in She gdtoerater 
is much more rapid than is the cas'e in the gngfish 
system, and consequently the period oecupied by thp 
air blast is very much reduced. * * v 

Fig. 6 shows a diagram fcom Dellwick’s English 
patent 29863, 1896, illustrating his plant fgr the"produc¬ 
tion of blue water gas. 

A is the generator provided wijji a coke? receptacle 
•B, which passes through a Stuffing-box, D placed on 
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the haver 'or tap ®f the generator. T$e Object of this 
receptacle is to keep the fuel height constant in th^ 
generator ; if B is 'kept fille'd with fuel, as that which 
f * s on the grate,burns away, fresh fuel,will run in from B 
and will keep the depth ol fuel on tfie grate constant. 



of air takest place through the vertical pipe G, the 
'purpose of this latter aif'inlet being to ensure a! thorough 
supply of air, to all parts of the f ue’l bed. 

S and S' are steam inlets, I and I' are gas outlets, 
and E is an outlet.for the products mack during the air 
blast. ' 
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weuldjbe as 

ST- * . 

When a coke or other /ire of suitable depth has been* 
obtained on* the grate, the* receptacle B is charged .. 
with fuel, and the lid t firmly closed ; valvfes I and 
I' are closed aqfl “valve P opened, then air under 
*guitabl£ jyessurS is*admitted through L and G ; this 
causes the fuel to burn with rise in temperature of 
the unburnt *portion, while the products of combus¬ 
tion, cortfaining about 20 per cent, of carbon dioxide 
a#d 70 percent, of nitrogen, escape by the passage B. 

When the tejnperature of the cok£ on the hearth has 
been raised to about iooo # C. the air bjpst is stopped, 
valve F closed, valve F.ooenecl, and steam admitted 
through S' with the consequent production of blue gas, 
which passes out to a scrubber and holder, via the 
valve»I'. • 

When as a result of the decomposition of the steam 
bJShe fuel mass, the temperature of die latter ha$ fallen 
Below the economic limit, the sjeam supply is shut o|f, 
and the air blast started again to raise the fuel tempera¬ 
ture. When the temperature is again suitable, the air 
is shut off and steam again passed through the fuel, but 
on this occasion downwards from the steam Supply S, 
the water gas passing oiSt by the outlet I. w 

The object of this alternation of the- direction of the 
steam blast is to keep the temperature as uniform as 


The melody of working fhis# generator 


possible throughout the fuel mass. J - 

Fig. 7 shows a modern water gas producer, whicl 
is self-explanatory; the fuel charging is done aftei 
every third steam blast, and the depth of the fuel kep 
correct by meansy of a gauge rod, dropped through th< 
, lid at’the top of the generator^ The same alternatioi 
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in the direction of the stetyn (blast is -rnpintfuned, while 
iufingt the air Blast the products of combustion escape^, 
through 'the lid at ,the top $f the generator, which is 
5 pen during this stage. ' r 

1 i * ' i i 



Fig. 

c 


7 - 


v ‘ , 

< The sequence of operation with a standard -gener¬ 
ator, having a circular o <hearth about 5 feet 6 . inches in 


diameter, would be :— 

c 

i. Air blast 
2 ( . •Steam up 
3. 4k blast 


2 minutes .. 
6 „ u 
1 minute 


* 1 




1 
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4. Steam dfcwn f .« . ' ,.® . • . 6*rtijnutes . 

5. Air blast' * . . t * r minute^ ,, 

Sfc 6. Steam up v .*.6 minutes. 

* * . 

At the end of* the last operation, ad*ditional fuel would 

be added and* the' sequence’ ftgain staffed. The air 
supply main woulcj be at a pfessure qf about 15 inches 
c 5 f wate? a^ove t?!e aimospheric, while the steam main 
would be at about 120 lb. per sq* inch, the rate of flow 
of the steam bfcing about 45 Ilf. pef minute, during the 
steaming periods. 

,Workin^inder the conditions described, using.c,oke 
of the following composition as a fuel j— 


• 

Per C<jnt. 

Moisture . . 

Ash^. ** ' 

* . 6'0 by weight. 

Volatile sulphur 

• 

• 1 '35 . » 

Nitrogen . . . . . 

o*6 „ 

Cafbon, «f.c. (by difference) *. 

• 

■ 83-05 

4 ——— 


I^O’OO • 

a water gas of about the follow ikg composition wouW* 

be obtained :— * 

• 

% 

1 • 

Ffer Cent. 

• Hydrogen .... 

52 -o by nolume. 

Carbon monoxide 

■ 39 - 6. ». 

Methane .... 

°' 4 * n *• 

Carbon dioxide . 

3'5 •» 

Sulphuretted hydrogen 

0-5 

Nitrogen .... 

f 

• 4 '° » 

• 

• • 

lOO'O • 


» • 'W 

for a consumption in the generator of about 35-40.^. of* • 
coke per 1000 2ubic feet of blue water gas nteasured at 
atmospheric temperature and pressure^ , . 

. A consideration of this coke ^consumption is instruc- 
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tive; from the analysis of ^hfeawater gaslit vfill be seen in ‘ 
aooo cubic feet r of the gas there are— 1 

/at**' 

396 cubic feet of carbon morn xide. •' 

35 >. >. „ » ( dioxide. 

If the barometer is 30 inches and the temperature 6 o° F., 

1000 cubic feet of carbon nfionoxide weighs 74-6 lb. 

.•■ 39 fi„ „ „ ' .. ^ ' ■ 

1000 

, = 29-6 lb. 

But carbon monoxide contains 1 \ of its total weight of carbon. 
20 

' c > , 

< • • * 2 Q "O X 1 2 

■ 396 cubic feet of'earbon monoxide contains —-- lb. 

28 

carbon = 127 lb v 
Similarly, 

’ 1000 cubic fept of carbon dioxide weighs 117-3 lb. 

. ' , 35 x 1 1 7 3 


‘ * - 4-1 lb. 

Rut carbon dioxide contains — of its total weight of carbon. 

' 44 ^ 

.-. 35 cubic feet of carbon monoxide contains lb. of 

™ 44 

carbon = ri lb. 


Adding these two results together, it is seen that while 
35-40 lb. of coke, equivalent to 29-33 lb. of carbon, are 
consumed in the generator per 1000 cubic feet of water 
* <gas,'only 13*8 lb. of this carbon, or 42-46 per cent., are 
present in the gas produced, the bulk of the remainder 
1 .of. the carbon consumed in the generator being burnt 
during the air blast period, and the remainder lost in the 
-ash pjt, and during‘clinkering; however, while these 
figures are instructive, as indicating the magnitude of 
air bjast consumption of fuel, to gain comparative figbres 
it is necessary to obtain the calorific power of the coke 
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fv 


consumed, and #f*that of4tfle, water gas pro’dyced fjom 
^given weight, of*coke. . 1 * * . • . 

If 35 lb. o{ the coke, th # e analysis,of which has been, 
already given, are consumed In the'production of 1000 
cubic feet of viater'gas at 30’ipcftes bardmeter • and 60° 
j F.,,of the composition which'has also been given, it will 
j^e foufld ^hat th 5 cakirific power of the coke consumed, 
compared with that of the gas produced, is as 
• • • 

5 l6 : 342 , 


that is to*judged on a thermal efficiency basis, the 
efficiency of the producer working under these condi¬ 
tions is . * 


342 100 5g.^p ercen t 

S'6 T * * 

• .* « 

which is a figure such as is obtained in ordinary com¬ 
mercial water gas rronufactuje. 

The "analysis of the water ga.s so far given enumer¬ 
ate the chief constituents, but in realky there are* traces 
of ofher products, such as carbon bisulphide, carbonyl 
sulphide, and thiophene, derived from the sulphur in the 
fuel, which, minute in quantity, may nevertheless in the 
cehain chemical processes produce appreciable am$ un¬ 
desirable results: from the iron contained in*the fuel, 
minute amounts of iron* carbonyl are formed, wlrlhh in 
most processes in which water gas is used is a fhattgr' 
of no importance, but if the,gas is to be used for 
lighting with incandescent mantles, its removal is .de¬ 
sirable. 

The producer, which <has been described, is/iof in 
practice absolutely continuous in pperatisn, as from 
time to time tke.process has to be interrupted in, order 
to remove tlje clinker from the fire. *• * 

• 6 
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r The process of “ clinkejrifig,”*besittesrec^iring laboui, 

,is wasteful, as "hof fuel as well as clinker is drawn from^ 
f the fire,“Consequently various ( devices have been designed 
<to make self-clinkering producers. 

The- majofity of these designs consist essentially 
of a rotating conical hearth. Fig. 8 shows a device- 
described in English patent 246111, 1909, whicn is al¬ 
most self-explanatory. The clinker pan h and the blast 
nozzle i are connected and free to rotate on the ball race 
shown in the vertical section. The end of, the blast 
nozzle i is fitted with helical excrescences vvith holer, k 
for steam and air in their trailing edge. During the 
working- of the producer, the nozzle and clinker pan are 
rotated, any clinker forming ^eing broken up between 
the helical vane® on the fixed water jacketed body of 
the producer and those on the rotating blast nozzle. 
The clinker on being broken up falls into the c'ir.ker 
hearth, which is filled with water to such a depth as to 
make a water seal between the producer body and' me 
moving hearth. . 

jjhe bottom of the clinker hearth has fixed ribs, 
which tend to hold the crushed clinker, which during 
.. the rotation of the hearth is carried round until it' is 
brought against the fixed vane 0 ; this lifts it out of the 
watef. 

Producer hearths of the type described do not ap¬ 
pear -to effect any appreciable saving in fuel, but since 
l! - they" eliminate clinkering, they have a decided advantage, 
as the gas yield is greater in a given time than would 
‘otherwise be the case.' 

r * * 

Purification of Water Gas. —For most industrial 
■ purposes, it is necessary that the crude water gas should 
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be, gurifWl before its ujtflrtate u|e.» Fpr practically 
.•every, process ‘in which water gas is used it is necessary 
,that k“should be,.freed frqm the impurities which it 
‘mechanically contains, and which are composed of ash 
and dust, carried by the gas from the producer. 

The mechanically retained impunities in watpr^gas, 
are removed by scrubbing the gas wfah water' that js 
to say, by passing it bp a tower, down which water is 
falling. Not only cfoesthis water scrubbing remove the 
mechanically retained impurities, but it also, by. reducing 
the .temperature of the gas, causes the condensation and 
removal of the nynute quantity of iron carbonyl con¬ 
tained in the gas. 

I * 

Removal oj Sulphuretted Hydrogen, —For most 
purposes frir which water gas is required it is desirable 
that it should be free from sulphuretted hydrogerj,;„this 
'is usually accomplished by passing the gas ,at about 
55 -65 F. over hydrated oxide of iron, when the. fol¬ 
lowing reaation takes place :— 

, r Fe,(OIl)P+ 3 H,,s‘= 2 FeS + 611 // + S. 

After Japse of time, the hydrated Terric oxide ceases, to 
have any sulphuretted hydrogen-absorbing power, so 
the gus is diVerted’through other hydrated oxide, and 
*the spent <txide removed and placed in the open air, 
whei), after moistening with water and exposure, the 
. follQwing reaction takes'place ;— 

4‘FeS + 6 H .,0 + 3O,, = 2Fe z (OH) r , + 4S. 

.. ' / 

” • Thus it is seen the original oxide can be reproduced, 
and on reproduction can be used for the absorptioq of 
fresh .sulphuretted, hydrogen. In practfce each pevivi- 
ficatioi) increases'the frpe sulphur content of the oxide 
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about 7 per cent., «.|id as time? goes 07 tlje fre*e sulphur 
in* the iron oxide increases to 50-60 per cent, sulphur,* 
when it commands a ready *sale to nj&nufacturers of sul-^ 
phuric acid ; roughly speaking, 1 ton of o^ide will purify 
2,000,000 cubic feet of gas befdre it is finally spent. 

" • kttetffis county, it is not generally‘necessary to heat 

the hydrated oxide of iron through which the crude 
water gas is passed, as the heat evolved by the chemical 
reaction is sufficient to keep the oxide at a suitable tem¬ 
perature. * However, in many parts of the world, where 
the winter temperature is exceedingly low, it is ne£es- 
’ sary to pass steaifi coils through the dxide, as otherwise 
no absorption of sulphuretted hyc^ogen takes place. 

The reason for this faflftra to absorb the sulphurated 
hydrogen is due to the fact, already given in the equa¬ 
tion, that with the absorption of the sulphuretted 
hydrogen, Vater is produced,‘which freezes on the sur-« 
face^f the hydrated iron oxide, and thus prevents farther 
sulphuretted hydrogen coming in contact witl^ it. 

In the practical removal »f sulphuretted hydrogen, 
it is desirable to have quite a considerable amount df 
water in the hydrated oxide (about 15 pej ceQt. by 
weight), as this tends to keep it open and thus keep*the 
pressure necessary to get the water gas* through the 
oxide quite low; it is also desirable to keep the-tfxide 
alkaline, consequently about 1 per cent. 6f lime is nyxecT 
with it to accomplish this., * • 

When new hydrated oxide is put in -water gas 
purifiers, even though it may contain a sufficiency -of 
water,, it tends to cake together and create ’back 
pressure. 

This can be prevented, either bjt, mixing kaw^ust 
Vith the new? oxide before putting it in tjpe parifiers 
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(about i fart tp 5*,of oxide'by volume )-or by mixing some 
'already used oxide containing a considerable amount^C 
free s l ulphur with Ife new otcide ; this ali>o tends to pre¬ 
vent caking. • , < 

In ordinary commercial purification of water gas, 
ioo tons of hfdrated ferric oxide wifi effective^* purify 1 
200,000 cubic feet of crude watlr gas per 24 hours; . 
this allows of keeping 20-30 tons of “ revivified ” oxide 
in reserve, available to replace the working oxide as it 
becomes “ spent ”, , * 

'This degree of purification of crude water gas to c be 
used in the manufacture of hydrogen is common to all • 
the processes- rising it,: in some of, the processes special 
methqds of purification ar« employed, and these will be 
given in the description of the process which*renders 
such methods necessary. 

r * * 

t * 

. The Iron Contact Process. 

Of all the processes for the production of-hydrogen 
ir, which water gas represents one of the active reagents, 
vhd Iron Contact process is the most important, as it is 
by this process that the greater'amount of the world 
production of hydrogen for use in industry and war is 
at p/jesent made ; but important as this process is, it is 
douhiful ifdt will maintain its present pre-eminent posi- 
lion^during themext few years, as other processes, more 
economical, but at present not, so reliable, are’already in 
'existence, and with lapse of time greater reliability will 
probably be obtained/n these later processes, which will 
result hi the Iron Contact process occupying a less im¬ 
portant position ih hydrogen production than it dpes 
to-^rfy. r ' 

When steam is passed over heated 'metallic irq'n,- 



* $IEMICAl, MKTHOIJS ' • iy 

I • # I , • 

hydrogen is procki’jed in accordance with the* follywing 
aquation:— » • 

* 3 Fe + 4 H/)*= F.cA + 4 H,. 

• P 

Theoretically, td proSuce loot?cubic (set of hydrogen 
at 30 inches barometric pressure and 40° F., 116*5 lb. 
of irorf and 49 - 9?*lb.,of steam are required : however, in 
practice these figures are not closely approached because 
the magnetic* oxide of iron fo*mec!» tends to shield the 
metallic iron from the action of the steam ; indeed, the 
ruction m&;i be .regarded as merely a surface ojm. , 

When the protective action £>f the magnetic oxide 
has reached such a degre® that the'yield of hydrogen 
Jias become negligible, the supply of ste’am is stopped, 
and tlje water gas is passed over the # magnetic* oxide, 
reducing it to metallic iron, in accordance vyitTi the fol¬ 
lowing ecjuations \— t 

Fe.A + 4H, = 3 F<* + 4 H 2 0 

FeA -1- 4CO = 3 Fe + 4 TO,'. 

• 

Then further steam can be.paJsed over the iron, with 
the production of further hydrogen. * • 

Thus, it is seen fhat the same iron is used continu- 

* • • 

ously, and steam and blue water gas are .the two re¬ 
agents consumed. Such is the chbmicaf ‘outfine.of tht 
Iron Contact process ; however, in practice the process 
is somewhat more complex and very much less efficidh 
than either the Electrolytic process or.the Badischi 
process, bot.h of,which* are described at a later stage,*iflf 
can the hydrogen produced be regarded as so satisfac,tor; 
for gome industrial purposes, such as fat hardening,‘d 
t}»at fnade > by the other two processis. 

; In the practical working of the Ifon Contact process 
jhe pVocess*is not begun bypassing steam over he 
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metallic if on, but-by manufacturing Vtee iron in situ, by 
l educing iron ore, such as hematite, with the water ga$, 
•which ‘can be expressed by the following Equations :— 


v 2Fc 3 0j +. 3H 2 ‘ = 2IA + 3’uO 
Fe., 0 ,, + 3C© = 2Fe + 3CCF,. ' 

I « 

The advantage of this procedure ‘if that a spoftgy 
coating of metallic iron is obtained on the refractory 
iron oxide, with the result, that the iron and the resulting 
magnetic oxide tend to be .held together, and so keep 
the material open, and therefore free from l^ek pressure 
to the passage of the steam and water gas. 

In practice, to 'obtain a .yield of 3500 cubic feet of 
hydrogen per hour, abovt 6 tons of iron ore are required. 
This, ore, both in its original fffrm and its subsequently 
surface altered state, is kept at a temperance of 650“- 
900° C. ; if lower than 650 C. the reaction^Bbme v.ery 
slow, and if higher than 900 C. the mdB^^Ltends to 
frtc, aryi become less open, thus creating f^^^nce^to 
the flow of gaS and stea,m. • “ 

‘In the practical forking of the Iron Contact process, 
tttfe process consists of three stages :— 

1. Reducing. 

2. Purging. 

3. Oxidising. 


v Reducing. —The reducing stage consists in passing 
water gas over the heatdd oxide, thus producing a coat- 
t "iTIrg'of metallic iron on the oxi'de. Ouripg the first 
^moqient of reducing/(the reaction is comparatively 
' e’ffectitfev but with fewer opportunities fpr the g;,is to 
come into contact Svith unacted-upon oxide, the water 
gas igdess and les^ effectively used, dnd consequently 
the gas .on leaving the retorts contains more and mor^ 



hydrogen and 
t^jiues. 

This variation in the (efficiency* of rcductio’n, with* 
lapse of time, is clyarly*illusyatejl in tlje graph, Fig. g *. 
which shows the carbon monoxide and carbon dioxide 
* cctfitw^ of the v*ater gas after passing at the rate of 
9000 cubic feet per*hour over ^2 tons of iron oxide, 
heated to 750 C. 

In practice, it is found that the speed of reduction is 
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iaroon monoxide as .the reaction con- 


much slower than the speed of oxidation, consequently, 
in practice, the duration of the variyus stages is ;— 

Reducing . . . * . .20 minutes. 

Purging.35 seconds. * # 

Oxidising.9 minutes, 25 seconds. 

. 

Purging, —When the reducing stage is stopped, *tffe 
retort or retorts, containing the^surface reduced oxide, 
is, of are, filled with* an atmosphere of partly* Altered 
water gas,; consequently when sleam is turned on 
hydrogen is produced contaminate^ with the rfc^idual 
yater gas;‘thus impure hydrogen fallowed *to flow 
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into 4 some ^receptacle, where' it is subsequently used for 
heating, or some other process, whicmwil' be describe^ 
‘later. 4 ** t *■ 

< At the end ^f 35 seconds the outflow of the gas is 
altered, and the now comparatively purfc hydrogen is 
directed into a gas holder', or wherever it may^ka* £e- * 
quired. ' 

Oxidising. —Th£ oxidising stage is exkctly the same 
as the purging stage, except as to the direction of out- 


flow,of che resulting hydrogen. 

. ^ ’ 

In normal working the gas produced has approxi- 

mately the following composition :— 

t* " 

Per Cent. 


by Volume. 

Hydrogen \ 

1 • 9 f 5 

Carbon dioxide 

I- 5 

„ monoxide ., . . « 

• . S' " 

Sulphuretted hydrogen, 

• . -°3 

4 Niyogen (by difference) 

• '47 i> 

1 

* y 

c •> < 

** 1 

* 

«* 

lOO'OO 


Purification of Crude Hydrogen. —The crude hy- 
v drogeri is first scrubbed with water, which besides re¬ 
moving rtiechunically contained impurities also reduces 
the amount of carbon dioxide, 'as this gas is soluble in 
water. 

The hydrogen is then passed through boxes con- 
*t*.inihg slaked lime, where both the carbon dioxj.de and 
sulphuretted hydrogen ^re absorbed in accordance with 
the following equations :—- ' „ 

' Ca(OH), + CO, - CaCO;, + H, 0 , ‘ „ 

, . Ca(OH), + H 2 S = CaS + 2H2O. . ' 

t ( ^ 

However, since thert is no simple process of revivf' : • 
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fying the lime after use, it improbably better‘practice to 
pass the cruda hydrogen first through an iron oxitie’&ofc, 
identical with that used iit pyrifyin^ water gas ;’here thft 
sulphuretted hydrpgen* would by absolved, and then the* 
gas would p;fss on to a lime box, where the carbon di- 
ax«Mh% would* b^j‘absorbed, as already stated; however, 
•whichever procedural is adopted as to the purification, 
a gas of the following approximate composition is ' 
obtained:— 


Hydroge^. ^ . 

Carbon dioxide . •' . 

• . 99 ’° 
‘fill 

„ monoxide 

•5 

Sulphuretted hydrogen 

Nitrogen (by difference)^ . 

trace 

'5 

• 

* XOO'O 


* Secondary Cheftnical Reactions. —The fundamental 
chemical reactions, whereby hydrogen is produced.by 
, tfie. us» of water gas and steam blternately,* in the 
presence of iron oxide, ha^e Sow been given in .con¬ 
siderable detail, and so far there*does not appear any 
reason why the satfte irtm ore should not be used in-, 
definitely ; however, there are two reasons. whicTi*neces-*‘ 
sitate the replacement of the ort from' tirife to time. 
The first reason for the deterioration of thfiore ig purely 
physical, while the second is partly chemical and paftly 
physical*. The physical reason for the gradual* failure 
of tha material is dud to the fact that with, constant* IfSe 
the ore tends to break up into smaller and smaller pieces,, 
thus creating back pressure to the flow of water gas a fid * 
steam ; consequently a condition Arises from this dis¬ 
integration* <?f the ore which necessitates its replace- 

• ment. 

• 
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When darbop monoxideds in contact with hot metal- 
lit iroi^ the following reaction slowly'takes place :— 

* ' Fe +' 0CO =, FeC :i + 3 CO,. 

Such a condition arises in the* Iroi'i Contact process 
towards the end of the reducing stage, while during the 
oxidising stage the following reaction slowly Takes 
place:— 

3 Fe( ' ;l -1- 13I =,i)CO + Fe/), + 13,'F. 

Thus, by the continued operation of the process, there 
tonds to.be an increasing amount of cyrbvn monoxide 
in the resulting hydrogen. There are two methods 
whereby this difficulty can be‘dealt with : one is antici¬ 
patory, and consists in'adding a volume of steam ' to « 
, the water jgas, prior to its passage over the iron oxide, 
equal to about one-half the carbon monoxide content of 
the gas. This, while slightly retarding the /peed of 
reduction of the oxide, prevents the absorption of carbon 
by the metallic iron, formed during the reduction, ar.d 
consequently allows of hydrogen of high purity being 
produced. Theothe, method is intermittently employed 
and consists in occasionally pasting air over the carbon- 
^contaipinatea iron o“xide, when the following reaction 

takes placrt:—.. 

U 

4FeC 3 + 15U2 -* 2fe 2 0„ + 1 2CO., 

c t'~ V 

1 thds allowing after reduction a purer hydrogen to be 
made v Howej/er, this process, known as “ bui lfing off,” 
t r wtt11b undoubtedly improving the plirity of the hydrogen 
^subsequently produced, appears to hasten the disintegra- 
‘ tidrt of*the oxide, contributing to the necessity for its 
• ultimate replacement?; owing to the high back pressure 
this physical conditiqn produces. " 

1 Fren<di patent 3^5132, 1 90/, Dellwick-Fleischer Wassergas Ges. ,, 
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The minute.'quaptitfel ( of ‘sulphuretted* hydrogen 
present ip the crppe hydrogen arise from two eaftsesi, 
me first of which is sulpfyur in the* original ore,* which* 
during the Oxidising st^ge, produce's sulphuretted hydro-. 
gen, while the otfier is due .to the small quantities of 
» sulj^retted Jiyd);ogfiu presefit in tho purified water gas, 
.which during tfre reducing stage are absorbed by the 
iron in the retorts as ferrous sulphide, which is subse- ■ 
quently decomposed during tlTe oxidising stage, thus :— 

• FeS + H ,0 - FeO + H,S, 

• % ,?Fe(\ + H,() - Fe 3 <,) 4 + it,. * •. ’ 

With regard to the sulphuretted *hydrogen, which is 
produced merely from the sulpjjur originally contained 
""in the ore, this decreas* 'pith time; orb which .when 
put in*the retofts contained 75 p£r cerlf. of sulphur, after 
a year in continuous use contained only o - c>3 per cent. 

Irorf Contact Plant.—The fundamental and second- 
. ar^ chenjical reactions involved in this process having 
been considered, there remains Ion ly the plant, and'tlle 
actual fuel consumption per 1000 cubic feet of hydfogen 

to be described. * * 

* ■» • • * 

1 he Iron Contact plant is commercially manufactured 

in two distinct types:— • • * * 

1. The IVlulti-Retort type. 

2. The Single Retort t^qre. 

Fig. *io shows a purely * diagrammatic arrange¬ 
ment ®f a multj-retort generator. The retorts are “e 5 £ 
ternally heated by means of a ga^ producer incorporated 
in the retort bench. The even heating of the tetbrts'fs 
secured by the use of refractory bafttes (not shown) and 
by the admisslbn'of air for the propejf combustion* qf the 
■ producer gaa at different point* 
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Thje retorts are arrange^* so tj1at. 4i1.her blue water 
gas br‘Steam can be passed through (fyem by tl;e opera¬ 
tion of the valves A 1 and B. f , ' 

During the reducing stage tlje valves A and D are 
open, and B and C shut ;,thus the reducing gas passes 


through the oxide, and since in pracficq the,whole £>f t; the 
carbon monoxide and hydrogen in the water gas is not, 
used up in its passage through the retorts, it is passed 



Fig. 10. 


back .outside of therri, giving up its remaining heat, and 
.consequently contributing to the external heating. 

*" On the reducing stage being complete, the valves 
A aijd D are.closed, and B and C opened ; steam passes 
"through the .retorts, and hydroged j‘ ssue <; pa st the valve 
C to the water seal, anc^thence t0 scru bbers and purifiers, 
and fihally to the gasholde-1 

When high pufity hy-j rogen is required, on the re¬ 
ducing stage being,coirO ]etej the va ] ve A is first closed, 
and then the valve B , tutned on> allowing the hydrogen 
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first rfVade to tWeth£r # with the resicfual g^s> in 
the retort^ viaph^vafve B. When* this purging lias' 
continued for .about half minute, ffi is opened‘and D» 
closed, the hydrogen {produced passing via the water*. 
seal ultimately* to tfie gasholder. 

. .£«{■" sjiow^ ;t diagrarti of a single retort plant 



Fig. i i. 


taken from Messerschmijt’s specification, ^ontaine^ in 
English.patent tyo. i8$4'2, 1913. . '** , 

This plant is circular in plan, |nd consists essentially ^ 
of two cast-iron cylinders’(19) and (20), the •fit'l.t of* 
which is supported on its base and {fee to expand up¬ 
wards,, while tffe dther is hung from f. flange at itSjtop, 
and is free to expand downwards. The annula* spVce 








9 6 ' MANyf ACH?RE OF FfVD^OGEN . ' 

(3)'b^tween the .two cylinders ^is ftjted with waitable ■ 
Irofi ore, while the circular spacc/.insjde tj^e smaller * 
r 'cylinder (19) is fillbd with a,checker work of refractory 
< brick (8). Th^ plant, is operand by firsf heating the 
refractory bricks (8) by. means of watee gas and air, 
admitted through-pipes (I5) and‘(1$), tlje protects of, 
combustion going out to a chimney £>y the.pipe (18), 
The heating of the checker work is communicated by 
conduction to the ore mass (3); when this is at a suit¬ 
able temperature (about 750° C.) the gas supply (15) is 
shut 'and water gas,enters by the pipe r (io), passing 
up through the ore and reducing it in accordance with , 
the equations already <(iven. When the 1 educing gas 
reaches the top of the annufcr space (3) it mixes witfc** 
air entering by she pipe (16) and the ui?oxidised*portion 
(the amouht of which varies, as has been shown in the 
.graph, Fig. 9) burns, heating 'up the bc’ck *vfork, 
and finally passing away to the chimney by the pipe 

(18).' . * _ ‘ . 

- When reduction Ts complete (after about twenty 
mirfutes) pipes (id) and (10) are closed, and steam is 
admitted through the pipe (17), Which passes upwards 
thro'ugh the checker work (8) becoming superheated, 
and Then down through the contact mass (3), where it is 
® decomposed in accordance with the equations already 
§iven, producing hydrogen, which passes out by the 
pipg (12), through a Water seal, and thence to a gas¬ 
holder. Where very pure hydrogep is required, a 
. purging period can ^be introduced by adopting the 
'followitig procedure :—- 

When reductidn is complete, pipes (18) and (i6),are 
( closed, but pipe (jto) is left open, and (ia) still remains 
closed. 


( 
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On\he admission steam»by the pipe.(17)*hyd»ofren^ 
is genera^d in.thelreaction space (3), which, together 
with the resklual water gas,, is forced back info the * 
water gas main ( f io),* thus, tending lo increase the 
hydrogen content of the water gas in the gasholder. 

» , A%r the* lapse of sufficient tirhe (about half a 

minute) pipe (12) is o*pened and (jo) shut, the hydrogen 
subsequently produced passing viq the water seal to 
the hydrogen nolder. After the ore has originally been 
heated by means of water gas and air, admitted by. 
pipes (15) andf(if>), the heat can be maintained entirely 
• by. the combustion of the unoxidised water gas, during 
the reducing’stage, by the admi^ion of air by the pipe 
’ \p6). •** * ’ 

“ Rtirning off” can be accomplished by thft admis- 
siofTof air by the pipe (11), the products passing out by 
the pipe(»8). The fop of thb plant is fitted with four* 
weighted* valves, one of which is’shown at (14). , Thfe 
jVtessg-scbmitt plant is not in commercial employment 
in this country, but it is c»nsWerably used both *in 
Germany and in the United States, where the standatfl 
unit contains about 5 tons’of iron ore 4 with a production 
of over 3000 cubic feet per hour. 

* •' ” *• 

Fuel Consumption. —In the multi-ret<»rt type of 
plant, the consumption of water gas is about 2‘5 cubi? 
feet per cubic foot of hydrogen produced, jvhile in .the 
single retort type, whfcrfe the water gas is employee!* 
both for reduction and heating the consumption .is 
about 3"5 per cubic fejot of hydrogen produced* In* 
eac]p type of plant, if the same kind* of coke is use'd, 
both fqr the’prtfduttion of water gas apd for all heating, 
including steam raising, both for»the process .and .for'its ^ 
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auxiliary fnachjnery, such fts blo^er's>feed pumps, etc., " 
’the' hydrogen yield from each is abc/tf / * 

6 ^ 00-/000 cubic feqt pf hydrogen- per ton of 
average soft c<^ke. r /■ 

Relative Advantages pf the Multi- and Single Re- 
tort Plants.- —While in fuel consumption*'there <s"little c 
to choose between the two plants, there is undoubtedly * 
less complication in< the .single retort plapt than in the 

multi, owing to the fewer joints, etc., which are at high 

< 

type lies in 

the fact that fuel is consumed at two points^ only :— 
t. For thd production of steam; for the process and 
auxiliary machinery. / fc " **’ 

2. For the production of the necessary water gas. 

In the multi-retort type, there is also fuel required 
'for the supply of the ^producer, wiiich heats'the retort 
bench ; however, this additional complication can, be 
p'iminated' by heating, the retorts externally‘ by means 
of water gas, a prqcecfure'' which is adppted in at least 
one commercial hydrogen plant. 

With the gradual failure of the retorts themselves 
from their ‘qxidation by the steam, the advantage again 
lies vvith the single retort type, as it is a simpler job to 
{IrawThe c&st-iron liners, and replace them, than it is to 
replace the individual reforts and make the various pipe 
•^‘lts. ' 

To surli up, while in chemical efficiency "there is 

.sljttl^. to choose betweeCi the two types, the advantage on 

* whole appears to lie with the single retort type, on 

n of its greater simplicity of repair. . * 

c °p ’ b following 1 patents with regard to tHis process are 
closed. . * , • 


.temperature. ^ ^ 

Another advantage in the single retort 
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L&ee. * , U.S. «. pat^fit '•toj& 686 yf 1913. 

Berfin Anhaltisclie ' h , / 

Maschinenbau. 1 Engljsh t „ 28390. 1913. 

Pintoch. ^ French (, , 466739. 1913. 

Berlin Anhaltische < < 

Maschinenbau. English ,, * * A155. ^1^1.4. 


With Barium Sufphide.—In the previous process 
which was considered, ste'am was decomposed by means 
of spongy iron ; in the present process, instead of iron, 
Barium Sulphide is used. If steam is*paaSed over bsr- 
ium sulphide heated to a bright red haalt, the following 
reaction takes .place :— 

O * 

. * BaS + 4 H,0 r fc:SO, + 4 H.,. 

4 1 • | * 

The barium sulphate produced may be rcduceciTy 
heating with coke to barjum sulphide in accordance 
with the following equation 


. BuSOj + G = BaS + 4CO. 


r * 

‘The barium sqlph'ide* can be employed for the 
generation of fresh hydrogen and the carbon monoxide 
can b« used for supplying a portion of the heat which is 
required.fot 1 the process. 

The process is protected hy French patent 361866, 
^905,'in thd name of Lahousse. 

A. somewhat similar* process to the Lahousse has 
jqeen protected by French parent 447688, 1912, in the 
names of Teissier and Chaillaux. In<this. proe'ess "bar¬ 
ium sulphate is heatedfwith (nanganous oxide, when the 
foljowing reaction takes place « * 


, BaSOi + 4 MnO = BaS + 4 Mn0 2l 

,« ■ . J . . ; * 

/The respiting mixtiflre of barium sulphide and man- 



lot 
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\ganest>' v dioxide*is , the^ raised to a white, heaf, whei! the 
following Reaction* ytkes place :— 

$JS + 4 M n 0 2 =*BaS + 4\JnO -f 2O0. 

When the reaction is complete, ste;/n underpressure ' 
is passed over the mixture o[ barium sulphide and man- 
ganoift oxide, ^fth jhe production of hydrogen, in ac¬ 
cordance with the following equation :— 


BaS +»MnO + 4H..O = B*S 0 4 MnO + 4H., 

The,process is then i*eady to be started again. 
Whether it will have a considerable commercial applicd- 
, tipn remains yfefc to be proved. , 

* • 

The BADfsctiE Cataiatic Process. 

Using a Catalytic Agenf.—In tin; processes’so far 
ckesribed for the production of hydrogen Srom steam, 
the*steaiji has been,decomposed by the action of some 
solid which itself undergoes a distinct chemical chaqge 
re^uirins* treatment to bring it back into form iif which 
it can be again used for tfye jjroduction oT hydrogen. 
In the process*about to be descrihfed the steam* is de¬ 
composed by virtue* of a catalytic ‘agent which itself 
undergoes no permanent change. * ’ * • 

This process, which is protected»by pajLents*(enumer- 
ated at the end of this* note) by the Bac^ische^Anilin 
und Soda Fabrik Gesellschaft, consists of the following 
stages f 
JFirjt, Blue Water* (/as is prepared in an ordmary 
producer apd purified from suspended matter by means 
of a scrubber ; then into “this cfcan water gas.stoam*is 
introduced and the mixture passed over* a catalytic 

material, wligne the following reactiop takes plg.ce»:— 

* | * 

Water gas # 

hT+Tt) 4. H..O = 2 Ho + *. 



102' MANUFACTURE pF nl’D^odEN 

' Thus it is seen,that the carbqfi mofaoxide ccyttained 
in tne*Rlue gas is oxidised by the steam,.which itself "p 
Recomposed with tfi ( e production of hydrogen. 

' Now carboi)\ dioxide is reaflily .soluble in water, 
consequently the product bf the reaction i^ passed under 
pressure through water, where it is absorbed, leawiflg a 
comparatively pure hycjrogcn. ' 1 

Starting with blup water gas, which m^y be roughly 
taken as being Composed of 50 per cent, hydrogen and 
per cent, carbon monoxide, the compositio'n of the 
gas, dfter the introduction of the steam ancTpassage over 
the catalyst, is approximately,as follows 1 ':— 

1 , • Per Cent. 


l'ly'droj ; en , 
Carbon dioxide 
„ monoxide 
Nitrogen . 


by Volume. 

30 -c 

I'2-I - 8. 

2-.S-4 


T'hte bulk ,of the carbon dioxide is’ absorbed ‘by 
mians of water, but i( tlje hydrogen is required for 
aeronautical pur posts, the gas is finally‘passed through 
, either a caustic so'da solution< or aver lime. Traces of 
carbon monoxide are removed by passing the gas under 
pressu[e*lhrough ammoniacal cuprous chloride solution. 
, As a result pf these final purifications a gas is obtained 

, of approximately, the following composition : — 

• t .... 

» Per Cent. 

^ , by Volume. 

Hydrogen' . . . . . «. . . ^7 - 


‘Nitrogen . • 
CarbOn dioxide . 

„ monoxide* 


27 


•3 


, In'practice it.Avas stated that in commercialiron- 
pon/act' plants the constimption of blue g*as was front 
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\T3 to 3 - 5 cubit* feet^per cybic foot of > hydrogen «lti- 
nrately produced.. t * * • * ” 

In the method which^has just been described the* 
consumption of blpe g®.s is jibout Vi jta 1*3 cubic feet*, 
per cubic foot* of hydrogen, o* assuming a consumption 

* of $5 Jb. of col$e> per 1000 fcubic feat of water gas pro¬ 
duced, the hydrogen’yield is 49,000 to 58,000 cubic feet 
per ton of soft coke. 

In the operation of this process, the .blue water gas, 
together*with a requisite amount of steam, is passed over 
tffe catalytic SfiattriaJ at a temperature of 400° tb 590° C. 

• Since the oxidation of the carbon mpnoxide is exother¬ 

mic, after ’the reaction chamber is heated to the tern- • 
perature of 400° to C., *110 more 1 heat need be 
supplied from external souses,. , . 

•“"^The chemical composition of the catalyst appears to 
be somewhat variable, but, as in the case of the catalyst 
used in'the fat-hardening industry, its physical condition 
. effects the efficiency of the process. In tjie patefits pro¬ 
tecting this process a variety cf methods are desetibed 
for the preparation of the catalyst, but the following 
may be given as representative :—' , 

“ Dissolve a mixture of 40 parts by wejght of ferric * 
nitrate, 5 parts of nickel^ nitrate, and 5 partis of'fhromium 
nitrate, all free from chlorine. Precipitate with potas-, 

sium carbonate, filter, wash, form into.masses and dry.”, 
The ’quantity of nickel cat* be varied, for example, 
between the limits of* \(o parts and three pprts of ^lfckel^ 
nitrate * 

• • 4 ' * * • 

This contact masys is used ax a temperatuse of efXo 
t 9 500° C. f ‘ * * 

4s is tinre « 5 f all catalysers, the above appears to 
•be subject ,to “ poisoning," tjae chief poisoners ]j>eing* 
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chlorine, bromine, iodine,, ^bosp^orus/arsenic, boron/ 
■and'silicon in some forms ; hfcnce r in ff ihe c prejaaration'Of 
•the catdlyser, as well as intht^ manufacture of the water 
,^as, precautions ^rnust be taken to prevent the presence 
of these “ poisons . » 

' The mixture of. blue water gas an^j /taum is passed 
over the catalyst at approximately atmospherio pressure.. 

. On leaving the reaction chamber after passage through 
suitable regenerators, r the £as is compressed*'to a pressure 
of 30 atmospheres (441 lb. per sq. inch) and than passes 
tb tljo bottom of a hjgh tower packed with Hints, fn 
which it meets a d9wnward flow of water' which absorbs 
, the carbon dioxide, and also fhe sulphuretted" hydrogen 
which is present in the gfas to ^yery slight extent. Thi* 
energy'irgthe wa^er leavirfg the tower is recovered in 
the form of* power by letting it impinge on a Pekon 
wheel. . * . 

t The removal of the. 2 per cent, of carbon monoxide 
is acccfcnplishecl in a similar tower ; only in jhis ctfee 
a ^elution of ammoniacaj solution of cuprous chloride is 
usqd instead of wateiV- Given an adequate size, of tower 
and volume of the cuprous chloride solution, the pressure 
• at whicn the' gas is introduced into the tower may be as 
low as 30*atrn<3spher<£s (441 lb. per sq. inch); however, 
where* the gas is to be used for making synthetic am- 
t ( m«>nia it is usual to compress it to 200 atmospheres 
(2940 ib. per scj. inch) before passing it through the carbon 
mac.Sxide absorbing tower. The‘use of this high pres¬ 
sure is ultimately necessary in the ammonia process and 
ibreclucesithe size of tht/cower \vhi9h has to be employed. 

, The cupfous chloride solution, after leaving the ab¬ 
sorption tower, is passed through a small vessel, in \yhich 
•it give's up its carboA monoxide. The gas eyolved from- 
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solution is praBSed\hroug|i water in order 10 prevent 
ammonia lpss, ( * * ' • • ' 

The advantages of this process over the Iron Gontact* 
process are :— » 

1. It isxoatinuous in operation. 

» «a. Jt is rnor^ gconomical.* 

• 3. The whole of 1:he sulphur compounds in the blue 
gas are converted into sulphuretted hydrogen and’ are 
completely absorbed by the high pressure water scrub¬ 
bing. * 

• The, disadvantages as compared with the Ii*on£on- 
• tajet process aret— , 

1. Greater complexity of operation. *, 

• 2. For aeronautical eposes*the percentage of nitro¬ 
gen is*high. • ' . 0 . 

«... , 

Desaription of »Plant. The diagram (Fig. i2| 
shows the method of operation of this process. Stepm 
, enters by the pipe A and mixes with blue wafer gas 
entering by the pipe B, the speejl of (low of* each being 
indicated on separate gauges as sho<Vn. The mixturcvol 
steam and gas passes* through the regenerator or super¬ 
heater C and flows, as indicated b*y the arrows,. over 
refractory tubes, through which tho hot pindiMs^of the 
reaction are flowing in the reverse direction. .The heated 
mixed gases flow via the pipe F into the generator ami, 
increasing in temperature, pdss through ( the cafalytic 
material, where reaction/takes place with tjie euofutfcn 
of heat. 'i'fiey then flow as indicated by the arrows 
back through the regenerator, parting with their hout 40 
thg incoming fixture of blue water gas and*steam. • 
Tfiermo-touptes are placed in tfie contact, mass so 

that its temperature may be costroll^d by increasing or 

• \ • 
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red&cjng the quantity of stream in thtf Ificoming gaseouj^ 
'initftupe. f ‘ * ,. '* 

• ( | c gr- 

“ * The whole apparatus, is .very effectively lagged to 
-"reduce the heat fosses po a minirflum, 

' To Ml/li -Voltmeter 


Thermo-couples 1 
for Temperatures 
between+50& 500° C 

Superheater or 
Regenerator 



WaterGas 
•Inlet 


Oril ice Gauge 
(n, 0 ) 


Hydrogeh ■* 
and CO2 & 
- Outlet 


DiOtomite 8rich Cqyer 
throughout, boynd with 
Painted Cloth 





, ‘‘I'lC.. 12. 

* »*•- * • , \ . 

The following patents on this process by’tlje Badische 

iUiaiin g.nd Scjda Fabric are'in existence :— 

English patent 27117. 19:2., 

» ; >■ 27963. ‘191^ 

- .French ,f 459918. 1913. 
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The followii'gpatents renting to the.gen<?ral qjtfcmi- 
reactiqp in this? process have been taken out * * 


Tessie du Motay. 

U.St parent, 229338. 

* 1880. * 

t 

>* n _ >» 

N t 

r ) )> >> • 

PuflmJn & IilwftjPthyc 

• 

} t 

4 

”# 

.. i .229339 ■ 
n 229340. 

OO OO 
GO OO 

P P 

English 

22340. 

1891. 

Tilworthy! 

French • 

» * 355324 - 

1905- 

Ellis & Eldrad. 

U.S., 

... « 54 i 57 - 

1907. 

Chem. Fabrik Greisheim 

• 

• 


,Elektron. 

British 

2523. 

>909. 

Naber & Muller. * 

German* 

.. 237283. 

* ^910. 


Using Lime. -Jf carbon monoxide t together with 
Steam is passed over Ij^ve at a temperature of about 
500° (!., the monoxide is absorbed witfc the foama'tion of 
C&itlum carbonate, and hydrogen is evolved in accord¬ 
ance with the following equation :— 


(>0 + H,0 + CO = CaCOj + H,,. 


Investigation of the above reaction by I.evi & Piva 1 , 
indicates that {he chemical *chang£ takes place .in*two 
stages, in the first of,which calcium fprmate is produced, 
while in the second it is decomposed with the evolution*, 
of hydrogen and carbon monoxide as is Shq^n in the 
following equations:—• - •• 

(1) CaO + H .,0 + 2CO = Ca(COOlf).,, * # 

(2) Ca(COOH), \ •= CiiCOj + CO + U r " 

4 

. It .can, however, be/seen from these ecjuatigrriNiiat 
whatever .volume of carbon monoxide is permanently* 
absorbed, an equal volume of hydrogen ^ evolved,', *. * 

. ftow, since blue water gas is, roughly Speaking,.half 

hydrogen half carbon monoxide, by passing.it over 

* * *• 

* “ Journ. Soc. Chem. ♦nd,” 1914, 310. 

• * 
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lime pndefr th$ conditions,stated aDove, a gas equal u 
Volfimre to the water gas, buFwholly pomposed of hydro- 
‘•gtn, is- 'produced. , ( < „ 

In the commercial operation bf th,is process, the lime 
is contained in a tower, < which is initially dieated to a 
temperature of about 50O° r C., but siiy:e the absorption 
of the carbon monoxide is exotherfnic, after the process 
has started, no iurther heating is required. 

When the lkne has become sluggish in its action, by 
the formation of a crust of calcium carbonate,* the blue 
gas if,’diverted through a similar tpw^r, &hije the con¬ 
tents of the original tower are heated ih situ to a tem¬ 
perature sufficiently great to decompose ‘the calcium 
carbonate, an<j thus the tower*’i£ again ready for use. * 
T*his process if protectee! by the following patents :— 

Chem. Fabrik Greisheim , 

« Elektron. British patent 2523* i 1909. 

Dfeffeijbach & Molden- . r 

hauer. , 1 , S 7 3 .f. -1910 

Elleriberger. ( ‘ IAS. ,, 989955 1912. 

Chfem. Fabrik Greisheim 

' < • 

Elektron., . British ,, 13049. 1912. 

(4) Miscellaneous Methods of Making Hydrogen, 

f C 

* .The Cakbonium Qksellsciiai r Process. 

# 

^Fifovo Asetylene.—If acetyWie is compressed and 
then subjected. to an electric spark it undergoes dis- 
s©oiatoon,into its elements. 

' « • 

Acetylene can <be most easily generated from the 
action of \vater on calcium carbide, thu 3 11 

CaC 2 +'2H 2 0*= C,H 2 + Ca(OH),,. 
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i The acetyleiw).pro\dc£d*is then compresSsd in very 
sfripng cylinders aqd subjected to an electric spark, when* 
thfc followihj* feactiAn takes place :— *, , * 

t CiJi, = C./+ H 2 * * 

_ 4 • « 

If the abefylene is produced from calcium carbide, 
approximately lb. of caldium carbide and 100 lb. of 
\vater are’theoreticalfy required t,o produce 1000 cubic 
feet of hydrogen at 40° P'. and 30 inches barometer, • 
while, at the same time, 39 lb. of carbon in the form of 
lamp-blaSk is produced. 

* This ptoc£ss‘is employed by the Carbonium Geself- 
schaft of Frederickshaven, for the ii>flation of airships, 
while the carbon produced is sold and is used in making * 
firinters’ ink. As used*-%y this comparjy, the gas is 
compressed to* about 2 atnfesphcres<*(29‘4 lb. per sq. 
Thch*) prior to sparking. * 

Tfid* following ffetent, relative to this process, is itj 


existence:— 


* Bosch. German patent,268291. 4 1911. 

The decomposition of acetylene may be obtained, by 
heating ; thus, if acetyletve derived from calcium carbide 
dr some other source is passed throtigh a tilbe htf^ted to 
about 500° C. it decomposes, in qccor(jajic&»with the 
following equation, with the evolution of heat* 


C 2 H 2 = C, + H... 

Such 4 is the quantity pf heat liberated, that aftjr the 
temperature of, the tube has been raised .untilAlecom-, 
position of the acetylene begins no further external .heat, 
is required. , . , - 

• The carbAn produced may be ’chiefly removed by 
filtering the gas* while the residue- which still, #<;mains 
_mav be removed by scrubbing* with water., . 
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This prOcess is protected By 'dfe fcdlewing" patents \-yf' 
Picet. French patent 4^18^8. ,1910. 

, ,421839- t' 

English „ 14251$. 1910. 

German 255733. 19^2. 

' * , . f ' 

From Hydrocarbon Oils. —While the decqmposittoq 
of acetylene is attended with the evolution of heat, most 
other hydrocarbon gases'absorb heat wheli they decom¬ 
pose into their constituents; consequently, t<?. produce 
hydrogen from other hydrocarbon gas«or volatilised 
hydrocarbon oils, it is necessary to supply Heat during 
the process. . ’ • 

The nece^ary heat'may ^supplied by passing the 
hydrocarbon gas,or vaporised oil through a tube*of re¬ 
fractory material which is externally heated, or th» i» 
^enious Rincker-Wolter mpthod may be used. , In -this 
process the rough principle is to use a generator similar 
to a “blue-gas,” generator filled with coke, ^y means 
of ap air bla'st the temperature of the coke is raised to 
abqut £200° C., then, when this temperature has been 
reached, the air supply is stopped and crude oil is blown 
in at ttte bottom of the hot coke. 

The oil is ipmedjately volatilised, and passes by ex¬ 
pansion up through the hot coke, during which process 
it is decomposed .into hydrogen and carbon, the latter 
to a large extent attachipgf itself to the coke and becom- 
ing«SSs%iree o‘f fuel. When th^temperature has, fallen 
too low to effect a complete decomposition of, the crude 
oil .the injection is stopped and the temperature of the 
coke again raised by mean? of the air bl^st. The' g$s 
produced by this process is stated to have Sie following 
'Comg6sition :— 
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\ • • \ * » Percent. 

, .by Vojufte. 

' Hydrogen ! . gfi'o* ’ 

* Nitrogen ^ *.V'3 . i 

Carbon monoxide ». * .*•.*. > . 27 » 

* . 

The c&st of hydrogen made by this proc’ess must 
dejJend almost £ijtir*ely on the price .of crude oil; it is 
stated that, with crude oil at twopencey* gallon, hydro¬ 
gen can be produced for about seven shillings a thousand , 
cubic feet. 1 ’ ’ ’ 


The following patents deal with this or somewhat 
siJnilar processes':— • , • ., * 


Geisenhergey. 
Rincker & Wolter.* 


) • >» 

Berlin Anhaltische 
Ma^chinenbau A. G. 


C. Ellis.’ 


French patent 361462. 1905. 

„ , „ ’ *39'867. 1908. * 

„ ^91868. t J908. 


German 

French 

English 


U.S. 


)) 


26^944. 1913. 
466040. i'9i3, 

2054., 1914- 

it>9?903- J9i4- 

• * » 


From Sta’rch.— When yeastf which is a’ li\yng 
organism, is introduced* into a Solution containing 
sugar, fermentation results with * the production of 
alcohol and carbon .dioxide, which >may bo expressed in 
an equation as follows:— , . 


CuHmOu + H 2 0 ~ +* 4 C0 2 . > , 

• • 

^An analogous process to* the above is. emtjJpjed 

commercially for the production of acetone affcl butyl, 
alcohol. . \ * • •» 

When what is known as the Vernbach Jyacfllus'is*in¬ 
troduced int<^stai;ch jelly, «(C 6 H io 0 5 ),’ acetone, (CH 3 ),CO, 

• 1 

1 Ellij, “ The Hydrogenation of Oils ” 
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and t butyl alcohol, C^CH^ef^ok, are produced ; 
at the'jSame time there is an>evoIutiop of gas which is 
tcbiefly/hydrogen and carbon dioxide, buf it* also c< 5 n- 
•tains a little nitrdgen! ’ ’ « 

As there is a 1 great cjemand for acetpr^'in certain 
localities, large qyantities ,of hydr6gen f irt this mipure 
form are beinfj produced as a by-product. r If tliQ 
carbon dioxide is absorbed by passing the gas under 
pressure through water (Bedford method)* a gas is pro¬ 
duced of about the following composition :— « 

* tjfydiVigen 94 - o 

Nitrogen 

The above, is not a process for. the production of 
hydrogen, butt the hydrogen produced may be frequently 
usefully efnployed if th^re'ls a local dem&nd for it. 
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THE MANUFACTURE OF HYDROGEN. 

» I i 

% 

Ciikmico-Physical Methods. 

» 

Linde-^raftk'Carp Process.— The most important 
-method of producing hydrogen, in which chemical and 
physical methods ave employed, is one* in which the 
chemical process results in'the production ;i>f blue w.ater 
gas, and the physical in the s^aratior? of thCchemical 
dfi in founds (qhieily carbon monoxide) from thb hydrogen 
by hqUCfaction. ' 

Tae Separation of Hydrogen from Ulue Water 


The separation of mixed gasd by liquefaction’is 

a subject of very great Complexity j and oije inf,o the 

intricacies of which it is not intended to go in this work, 

but for further information the attehtion Yjf the ’jfjad^r 

is directed to the two following books :— • 

“ The Mechanical Production of Cold," by |. A. 

Ewing. (Cambridge University Press.) , 

“ Liquid Aii;, Oiygfen, Nitrogen,” by >G. fflaude. 

(J. & A. Churchill.) # \ 

A)) gases a,re capable of bein£ liquefied, buft iiCthe 

case of hydr.ogdh and helium 1 the difficulties are so great 
/. « , t 
1 This gas, which was the last to resist ^liquefaction, wacofirst 

liquefied on ioth July, 1908, by Protestor KamerlinglyOnn“ 

* (M 3 ) *. ’ 
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I '. ,#* • • 

that r it is ortly by means of ttfe higrfest tithnical skill and 
very costly apparatus that this caft be.accomplished. 

‘ ' Originally it was considered that* to obtain a gas*in 
the liquid state the sole necessity wps pressure ; how¬ 
ever, all gases p’ossess a physical* proptyty>known as 
critical temperature .* The critical tyi}tperatur$ of a 
gas is that temperature above whi<*h the gas cannot be, 
liquefied, however great the pressure to which it is sub¬ 
jected. • * 1 

Prior to the realisation of the existence of the critical 
temperature, chemists, and physicists subjected various 
gases to enormous.oressures in the hope’df causing thejn 
to liquefy, and,' though they failed^ it is ihteresting to 
observe from yhe accounts of^lqeir experiments that the 
compressed gas tattairvec^a density greater thin the 
same gas in the liquid state at atmospheric pressure: 
, Besides critical temperature, another term .requires 
definition, that is, critical pressure, which is the pressure 
which must be exerted on a gas cooled to ^s critical 
teriVperature to produce •'iqvefaction. 

• The following fable of critical tefnperatures and 
pressures of the constituents of'blue'water gas is interest¬ 
ing :- s - 


- —•-« 

ft 

« Gaft, jr 

• f 

Critical 

Temperature. 

1 

Critical Pressure. 

t 

Hjjton.. . 

Carbor^uonoyide 
„ dioxide . , 
ttitfogen . / 

Methane 1 . 

Sulphuretted hydrogen 
Oxygen . 

1 , * « 

2 34 '° < ’ C- 

- 136-0 . ' 

+ 3 °' 9 2 

- 146-0, 

v- 82-0 , 

+ ioc-o 

- rr8-o 

2 Q4 lb. per sq. in. 

49 2 „ , „ • 

II 3 I 

4 »S „ 

820, „ 

t 3 °\ ,, » , 

r 7 35 \ 

« 


1 Discovered by Andrews, 1863. 
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From this telble ii) is sedn that the critical tempera¬ 
ture ol hydrogep is 88°’ C. below’that of its .nearest 
associate,' nitrogen ; consequently, if the b^ie water gas' 
were cooled to - 146“ C.’while subjected to a pressure of. 
somewhere about 500 lb. per square inch, the whole of 
thi gas, wiih the exception of th<?. hydrogen, would 
, liquefy ; therefore, ^paration of a liquid from a gas 
being a simple matter, the problem of the productibn of. 
hydrogen fro’m blue water gas would be solved. 

If a gas is cooled beloW its critical temperature the 
pressure which has to be applied, to produce liquefaction 
much reduced. Now, since the ( boiling point of a 
liquid ahd the condensing point of a vapour under the 
rsame pressure are the same temperature, the boiling 
points of the various gases grained. in blue, water gas 
.•can- be studied with advantage. 

Boiling Points of Some Liquid Gases at Atmos- 
’ „ pheric Pressure. 


Gas. * 

— 

Boiling Pgint. 

Hydrogen . . , . 

• - 253 '°“C.'* 

Carbon monoxide *. 

• 190-0 

,, dioxide .... 

So'o > 

Nitrogen.,, 

■ 0 r I 9 S'S 

Methane . . . ’ . ... 

r > 4 > 

• - (647 

Sulphuretted hydrogen 

^ . * fii-6 

Oxygen . . . *. 

• - (82-5 , 

Therefore, it cart be seen that, 

if blue water V 


were coo'ed at atmospheric pressure .\o a temperature 
below - 195'5° C., the whole ofjthe constituents of-tlie* 
ggs, other thati hydrogen, would be liquehed, and Con¬ 
sequently aioeasy separation could jae made. , 

To sumjnarise, the liquefaction (if the constituents of J 
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blue * ^atei* ga$, other thai/ hydrogen,’ tan be accom¬ 
plished* either by a'moderate ‘degfee »f cpolin^ and the 
Application pf pressure, oj- by ( intense cowling and ifo 
•application of pressure. 

Production of Hydrogen from Wjter (/as*"by the , 

X * Linde ?rocess. 

f! I 

Ctt 4 CO 1 No H 2 

'*%sg 2 :. SSz*. 

, 7 . , 57 . , 7 . - 3 , 77 . ,7 . 


, * ■* 


Oxide boxes. H 2 S partly absorbed, i 

# * 

^ I »*’ 

Compressor. 2oncospheres (294 lb./CD"). 

f> J f 

Pressure Water Scrubber/ CO*& H- 2 S almost entirely aUs^bod. 

* I r 

Caustic £oda Scrubber (NaOH 3o°/ 0 ), last traces C 0 2 & H 2 §.absorb£xl. 

'• \ 

Ammonia Cooler. Water Vapour condensed, 
Temperature reduced to ->■ 25 0 C. 

* « | 

' •LindcrStill. *Final Temperature - 205° C. 

* * Methane, Carbon Monoxide & Nitrogen liquified. 


fieseous Hydrogen - ,-, - , 

H£> 97% by Volume. & Nitrogen. t On evapora- 

CO 2,,/ „ tion to gas engine operat- 

Njj i(, „ ( * ing the whole plant. 

1 , <11 

*In the Linde-Prank-Caro process the^ blue water 
gas ,i* tcompressed to 20 atmospheres,' and wnder 
‘pressure it passed through water, which removes; 


Methane, Carbon Monoxide 
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practically the* tfhole of |ie carbon epoxide and sul¬ 
phuretted hydrogen.* It* is then passed through fubes 
containing* caustic socla, wh(ch removes tfae remaining 
traces of carbon, dioOcide, sulphuretted hydrogen, ana> 
water. , * . 

• T]}e gas Hips ‘purified rfrom th«se constituents now 
• passes to the separator proper ; ^the reason for this pre¬ 
liminary removal of some of the constituents of the blue- 
water gas is due to the fact that, in the. separation of the 
carbon monoxide and nitrogen, such low temperatures 
Wave to b.ej'eefcbfed that the water,sulphuretted Hydrogen, 
.'ind carbon ’dioxide would be in tjae solid state, and - 
would, therefore, tpnd to block up the’ pipes of the ap- • 
•paratus. ' * 

the apparatus operateSJ^in the#followmg manner, 
“'whlth will ^e more readily understood by consulting the 

diagiWi (Fig. 13) .•— 

THte purified water gas pafSses down the tube. A, 

, tftrougl^ coils in the vessel B, which is filled with 
liquid carbon monoxide boiling at atmospheric prtSsTire ■ 
( - 190° C.). * Now, since the wfter gas is uncTef pres¬ 
sure and is passing through coils cooled to its tempera* 
ture of liquefaction at atmospheric pressure, the bulk of 
it liquefies (theoretically more gasehould be fiqi^ed in 
the tubes than is evaporated outside them)^ . . 

The gas, containing a considerable amount of liqiiid # 
saturated with hydroggn, parses into jhe vessel C, 
which* is surrojunded* by liquid nitrogen botliajff*under* 
reduced pressure giving a temperature of - 205° 

Her t e the remainder, of the carbon monoxida anchtRe 
nitrogen prigfnally contained in the gas liquefies’and 
hydqpgen of* approximately the following composition 
^•passes up the tube E :— 
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A. WahrGasl/ffet. A. Yi 


D. tfitrogen Out let. D. 


Liquid Nitrofien Iplet • 



Carbon Monoxide Outlet 


B 1 


F\ 


l C, 


Fife, j 3.—.Diagram showing Linde-Frank-Caro Process. 


Per Cent, 
by Volume. 

• 97 '° 

.. l'O 

• 2 .:°* 
1 . ml. 


1 ’ Hydrogen . •. . . 

NiWogen . . 

monbxide 

Sulphuretted hydrogen . 

©rganic sulphur compounds 

***** , 

•When th*e gas is required to fee of high purity it js 

• . * 

1 Me'sSrs. Ardol of SjSlby, Yorks, who employ this process, lindly 
supplied the author wjth this imbrmation. 
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subsequently passed bver telcinm carbide (fo soda .lime, 
the reactions of tyhicl* processes wil? be’dealt wijft later. 
% During, .the operation of the process liquid*, carfcpn, 
monoxide and some lfquicf nitfogen collects in Cr. 
Now thilMigipd gas is under pressure Jind can'therefore 
b(» rqjt ba«k\thrdugh th^ tube J 7 via the cock G 
.into the vessel 6 ^>ut B is a^ atmospheric pressure, 
consequently some of the liquid gas passing through G. 
will be volatilised, with consequent .fall in tempera¬ 
ture of *the remainder. * 

• The liquid .nitrogen used in the vessel L) .is pro- 
.rjuced in a special Linde machine from the atmosphere. 

TTi 5 vapour of cafbon monoxide, with a little, 
•nitrogen and hydrogen* from «he vessel B is used to 
cooil;he incoming purilied vsatfr gas, as^is shown*in the 
> diagram. This method of using the cqjd separated 
gasci for cooling /he gas going into the apparatus is 
termed “ Cooling by counter-cprrent heat exchangers^” 
&%id it pi ay be regarded as the essence; of efficiency in 
all jow temperature gas sep.arjjion. * * 

The consumption of power ip this process is theo¬ 
retically very smaH, as .much carbon monoxide should 
* be liquefied in the coil in the vessel B alS is vftjatilise 3 
outside it (this is theoretically tpje w^eo the pressure 
of the gas passing through the coil is atmcftfiheric). 
However, in practice, the necessity fpr pStaer constpnp- 
tion anises from the fact that liquid nitrogon musf 
be continuously supplied to the vessel" D •iiytfrtfer to 
prevent .the temperature of the plant rising from ex*- 
ternal infiltration of heaft, whir^i takes .place, in sgjt^tsf 
the most effefctive lagging. , ' 

.In practice*the power obtained from using the sepa¬ 
rated carbon monoxide as a # fuel is sufficient lef fun all 
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the machiqes necessary Vor ine'opfcratioif, of a plant pro¬ 
ducing 3500 cubic feet of hyUcogen or more per 4 iour. 

Thus, to very roughly indicate the cost ( of ‘operation 
<of this process, rteglecting* all depreciation, etc., it rqay 
be said that, on<a plartt of the size'mentioned above, 
unit volume of blue water gas yields^ '4 volume,,of 
hydrogen of about '97 per cent, purity? or, on the basis < 
of a coke consumption of 35 lb. per 1000 cubic feet of 
water gas, the hydrogen .yield is 25,500 csbic feet per 
ton of coke. 

PuVification of Hydrogen.—.Where very pure 
hydrogen is required it is necqssary to employ gJiemicflT 
methods to remove the 3 per cent. «of impurity, which 
may lqe done Ijy passing the*gs,s through heated,soda 
lime, wherfc the catbon ihjfiToxide is absorbed in accord¬ 
ance with thb following equation :— 

zNaOH + CO = Na.,CO;i *1- H* 

• “ 

or, on the other hand, it may be passed through heated 
calcium carbide (over 300° C.), which possesses _ the 
advantage of not onlj; removing the carbon monoxide 
but also the nitrogen. The reactions taking place are 
indicated in the following equations 

CaC 3 » L CO = CaO # + 3C, 

CaCs + — CaCN s + C. 

The following is given as an analysis of the gas 
purifiecf by means of soda, lime 

* . ** , Per Certt. * 

I byyolume. 

Hydrogen ^ . • . 99-2-99-4 

Carbon* monpxide . . • . nil. 

Nitrogen . . * . o*8-o'6 

Thb following patents^are in existence for the pro- • 
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1 duction of hydrogen b^ Iiq\efa/tion method^ fromjblue 
water gas:— , • # 

Elworthy. «• Frenqji patent « 355*324. • 190*5.' 

Ficink. • English . „ # 26928. 1906. * 

Claude. French „ 375991, 1906- 

* Ges-fu^Linfle’i ,^is- 

• maschilien A.G.. ' „ /417983. 1911. 

C. von Linde. U.S. ,, 1020102. 1912. • 

• • 

ro2oi03. 1912. 
1027862. 1912. 

1027863*. *<1912. 

Ghemjpal purification— * 

Frank. . French ,, ’371814. 1906. * 

• • • 

Diffusion.-r-The separation, of hydrogen, frdm the 
•otht* constituents of blue water gas has besn proposed, 
employing diffusion jor the purpose. Graham expressed 
the law* of diffusion of gases as 
. • “ Ttyi relative velocities of diffusisn of afty two 

gases are inversely as the sqi^^roots of their densities.” 

That is to Say, if a mixture of«two gases of Siffefent 
densities is passed through a porous’tube, e.g. unglazed < 
porcelain, in a given time, more of the lighter gas*would 
have passed through the walls of the tube* than of the 
heavier, or, to take a concrete example,^suppose the, 
mixture of gases was one composed ®f equal parts i>y 
volume «of hydrogen and oxygen, then, sincd their 
densities are as 1 to 16 , and since, therefqre,* roots, 
of their densities are as 1 to 4, in a £iven time four 
times as much hydrogen would diffuse' through-the 
medium as oxygen. » 

T^he densities and the square rpots of the, densities 
of the constituents of blue water gas hre given below:— 
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-^- v — 

L 

n l 

V 

Density, 

« 

< 

PI 

f ' 

Hydrogen . r ... 

Carbon monoxide 
,<, dioxide . 

Nitrogen . . . * 

Methane . I . 

Sulphuretted, hydrogen 
Oxygen . »• . . 

— - — - < 4 j 

P 

r « 1 

14 . 

22 

14 

8 ,■ 

0 

‘ • i 

37 

t 47 

* 2-8 

4 V 

4 "° 

» 


From which it will be sfeen that, if blue gas were 
passed continuously through a porous tube, the gas dif¬ 
fusing through the tube would contain" thore hydrogen 
than the blue gas originally contained. Of course, in 
the successful operation of jfc diffusion separation it 
necessary, to remove thecas which diffuses through the 
porous medium as well as the residue which is left un-« 
diffused. The former ma^' be do»e by maintaining a 
constant pressure by means of a suction pump, while 
the latter can .be done by regulating the speejl of flbw 
through the diffusion t^jb^. It is, of course, essential 
tha/<h€ undiffused gyas must be remove*! from contact 
with the porous medium after a certain time, as it is only 
a matter of £ime before the whole of the gas will diffus'e 
through *he .medium, and thus destroy the work of 
separatjon. 

The Diffusion Medium. 

v lTt^ selection of the difflisioft‘material is a .subject 
of considerable difficulty ; if the porosity of‘the material 
‘is too great no diffusion takes place, but the gas gasses 
through the material without any appreciable,separation 
taking, place. Thus, if a mixture df hydrogep and 
oxygen is passed through a fine capillary tpbe. the gas 
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issuing y ill be found to be^f tile same composition as 
the original ga§. • • • * , • ' 

It is interesting to*note in this copnecyion that, if • 
purti hydrogen were first ‘passed .tRrough the tube and ’ 
then pure oxygen, in a given yime nfbre hydrogen by 
' voldme^woidd \p^ss through the tybe than oxygen. 
This differential rap* of flow through tubes is called 
“ Transpiration ”, * 

If the porosity of the material is*insufficient, the time 
required to effect separation *s unduly long. It may, in 
this connection, be mentioned that it has from* tmje to 
time been suggested that by means of, diffusion it would 
be possible to separate a mixture of gises of different 
densities without the consumption of power. 1 How¬ 
ever, in practice this has not b^an fotyidto ba the’ease, 
~as, ii*i order ,to obtain a reasonable speed of» separation, 
a difference of preseure between^the two sides of. the 
diffusiofi material has to be maintained. 

. Joyvc and Gautier have employ ad a dtffusion 
method in order to separate*h,'*drogen from blue-'vfarer * 
gas, and it is slated that, by a single passage throngji a 
porous partition, the*percentage of Carbon monoxide in, 
the gas passing through the medium was rpducesl from 
45 per cent, in the prigjnal gas to $ per cent. • Whether 
this process has been employed on a cormnercjal scale, 
is not known to the author, ijor has he any knowledge 
as to the?amount of power required to obtain a definite* 
voltime of hydfogen* practically free from.carljoli mon-, 
oxide. • ' 

The following patents, in which diffttsion jhas beat’ 

• . > > . ® . * 

1 It is theoretically impossible to separate a mixture of two gases 

withoot the consumption of power, but the»theoretical recpKjements 

t are almost negligible. ' • 
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employed ‘for separating qf.ixed gases, have bepn taken 
v out 

' Joirve SfcGavtier- blench patent 37^45. 1908 

Hoofnagle. ,U.S. „ *1056026, 191*3 

* / # 

Separation by. Centrifugal Force.--/Mien t^maSs is * 
compelled to move iiya circular course a force acts on it 
which is a function of its mass, linear velocity, and the 
radius of curvature ftf its* path, which may be expressed 
as— 

Centrifugal force = r " ' * 

where m = fttass of ihe body, 

v> = its linear velocity, ’ 

the radius of ourvvturc of its path. 

, . r . «■ 

Therefore, since a greater force is acting on the heavier, 
of two particles moving on the same course with. the 
•same velocity, the heqvier particle will tend to move 
outwa*d from t its centre of rotation to a ‘greater extent 
tliag jhe lighter. This principle of centrifugal force is 
employed industrially for many purposes, such as the 
separation of cream from millp water from solid bodies, 

* honeys from* the colnb, etc., and it has been suggested 
that it tryglit ^bc us^d to separate hydrogen from blue 
watef gas. However, though a* certain amount of work 
' h^s been d6ne ,6n this problem by Elworthy' and 
Mazza, 2 as far as the author knows no satisfactory results 
have been obtained. 

The'special physical questions involved'ir} the sepa- 
vjttioh of ga$ps of different* densities by means of a 
centrifugal rrtachinq have been considered theoretically 

t 

* t 

1 Elworthy^ English patent, 1058. 1906. 

2 Mazza, English*patent, 7421. igo6. 
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by a number oE physicists, Vbole conclusions are that 
very hign velocities mast b</given tcf the gas to yfitain"' 
an appreciate separation ; it has been ^hoyp that, if a 
drum 3 feet in diarqete? aAd one fobt long filled with a 
mixture at" 15°£„ containing 8,0 percent. of hydrogen 
■ and*20 j?er cent^of air, is rotated at 20,000 revolutions 
per minute, a condjtipn of dynapical equilibrium will 
arise when the peripheral gas and the axial gas *will 
have the following composition :—* . 

• Axial Gas. Peripheral Gas. 

Hydrogen * • , . ^7-8 

Air *. •*. *. 2-2 33'9 

• » 

Since‘the "density of air and that of cifrbon monoxide 

ate almost the same (14% and* i4‘o) almost identical 
theoretical results could be obtaiaed by giving,a similar 
“Votary motion to a mixture of So* per cent, hydrogen and 
20 per cent, carbon monoxide. However, the enormous 
speed of’rotation and a practical method of removing tjie 
. axiSl and peripheral gases makes this question one*of the 
greatest technical difficulty, ajnijt may well be thainhe 
power consumption to produce a gi »en volume ofliytiyo- 
gen from blue wattfr gas may be’greater than that 
required to produce an equal volume of hydrogen by 
electrolysis. 
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• Physical Methods. 

Electrolysis. —When an electric current passes 
through a solid conductor a magnetic held is created 
round the conductor and the conductor is heated by the 
passage of the current, both, of which effects bear a 
defirfite relationship tp the magnitude of the current 
passing. §ome liquids are also conductors of electiicity, 
e.g. ( mercury ; the passage of a current through such a 
‘conductor produces results identical with those produced 
in solid conductors. Other liquids are also conductors, 
but? besides the passage of the current creating a mag- 
netje. field and a heating effect, a portion of the liquid is 
split up into two parts which may each be a chemical 
element, oFone or Either may be a chemical group. 

Thus ( fft^o platinum plates are placed as shown in 
the dikgram, one plate being connected to the positive 
pqle of the battery and the other to the negative, then, 
V if a strong aqueous solutibn of hydrochloric acid is put in 
thd vessel containing the plates; decomposition of the 
liquid will take place : hydrogen will be giden off at the 
'Negative, plate or cathode, and chlorine at the positive 
or anode. ‘ 

If the solution of hydrochloric acid l's replaced by one 
( of caiislic soda the'caustic soda is split up by the current 

026) ' ■ - 
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into oxygen, which, is liberated atjthe anode, ahd metallic 
sodium which is deposited «0n the eathocle; bur since- 
mevallic sotliupi cannot exist in contact with water, the 
following reaction takes place at the catiiode 

, «cNa + 2H 2 0 = 2t!aOH +HrI.,. 

„ Thus, by a secondary reaction, hydrogen is liber¬ 
ated at the cathode, or, in other words, water is split into 
its constituent’s, while the caustic soda is reformed. 

Now, let the caustic soda solution be replaced by an 
aqiieous solution of sulphuric acid. In this case hydro¬ 
gen will be liberated at the cathode and the group SO, 
at the anode,' but the group SO, cannot exist in contact 
Msith water, as the following reaction takes place:— 

« 2 o 0 4 -(- 2H0O = 2 H‘ 2 $ 0 .j +Oo. 

) 

Thus, by a secondary reaction, oxygen is liberated 
at the anode, or, in other words, water is split into itd* 
constituents while the sulphuric acid is re-formed. « 



+ 

- 


g g 

03 X 

Electrolyte 

c\ 

i ' 

Battery 


, Fig. 14.—Electrolytic Cell. 


Liquids which, under the influence cf th§ eleGtrii' 
dlrrent, behave in the manner of tha above are termed 
“ Electrolytes,” a‘nd the process whgreby they, are split 
up is called " Electrolysis ”. , 
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The lafos relating io t/is decomposition off liquids 
by th'q electric curfent weri. enunciated by Faraday as 
follows':— , * ' . t ' c 

1. The quantity < 3 f an electrolyte decomposed is pro¬ 
portional to the quantity f of electricity why:h passes. 

2. The mass af any substance liberated by a given 
quantity of electricity/is proportional to the* chemical 
equivalent weigh? of the substance. 

By the chemical ’equrJalenl weight of a substance is 
meant in the case of elements, the figure which is ob¬ 
tained by dividing it? atomic weight' by its valency, 
while in the case, of compounds, it is 'the molecular 
weight divided by the valency'of the compound! How¬ 
ever, many elements hat»e mqrvc than one valency, there® 
fore they, ha\?e more, than one chenvcal equivalent 
weight, as ran be seen ''front the following table 


Element. 

Atomic 

Weight. 

f 

Valency. 

Chemical Equivalent 
Weight, AT. *• 

«• >».* 

- 

1 - 

- - — . — _. - 

Hydfogen . 


I 

1 

Oxygen 

V 16 

« 2 * 

8 

Gold .... 

197 

3 or 1 

656 or 197 

Tin .* . • . 

118 

4 „ 2 

2 9‘5 » 59 

Phosphorus - , 


5 ,,.3 

6'o2 „ 10^3 

TungStOn . 

184 

6 .. 4 

30-6 ,, 460 


1. 




' Fr&m Faraday’s layvs it can be seen that, if the 
,weight qf any substance liberated' by a definite current 
in a definite tinfa is known, the theoretical weight of any 
substance which should* be liberated by a definite current 
in atiefinite time can be calculated, if the chemical equiva¬ 
lent wqight of this .substance is known. ‘Very.careful 
'experiments have bfeen made with regard to t the amount' 
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» • * % § . .1 

of silv&- deposited by a cuAent^of one ampere flt/toinj* 

for one second {one* coulomb); tbiis current (^eposits 
» * a 2 _ - » 

** "ooiipiBgram of .sjlvet* 

from an Aqueous solution of a silver Sc**lt. 

1 * a , -a t 

••Now the*at%mic "Weight (jf silver i$ 

' 107-94 * 

and its valeqpy is unity, therefore jts chemical equiva¬ 
lent weight is . 

* 107-94, 

9 . • • , 

but the atomic, weight of hydrogen is 

'Vo 

and its valency is unity,/Hwefori its chemical equivalent 
weight is 

1 -o, * 

therefore it follows* from Faraday’s second law that, 

°o 1118“ _ - 0 ctooiots7 gram of hydrogen will be liber- 
107-94 « 4 „ 

atedby one ampere flowing for..one second, or the mass 
of hydrogen liberated by any current in any time may doe 
expressed as * . . . ’ 

1 "0357 x io' 5 A/ 

where A is the current in amperes and t the time inflows 
in seconds ; which is equivalent to saying daat, at 0° C. 
and 760 mm. barometric pressure (29-92 inches), one j 
ampere-hour will liberate -> 

• • * .1 

o » "of47 cubic foot of hydrogen. 

0 ’ J <*> 

Sy far the Relationship between current > u and. volumd 
ortiydrogep which would be produced theoretically Has 
been .considered ;* it now remains , to determine the 

relationship between power andothe volume of hydrogen 1 

- O a r i 
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whith should,,be theoifetic^Jly liberated. To refer to 

the" diagram, it wifi be at (Irice appreciated that, to get 

r the current,>to flow through theelectroly te requires' an 

electrical pressure, or, in otfier" words, there willobe 

found to be a Voltage, drop between th,e anode and 

cathode. r, ,, " / " _ ■" 

1 n ,r*. 

This voltage drop, 1 s due to two„types of resistance* 

one'of which is identical to the resistance of any con¬ 
ductor and is dependent' on the cross-sectional area of 
the path of flow of the current and on the length of the 
path/ i.h. the distance between the plates. The older 
resistance is one that is due to a condition analogous, to 
the back E. IVT, F. of an electric motor. Assume that 
electrolysis has been talcing .,place in the diagrammatic 
cell and that the .battery has been remcwed ; if a volta¬ 
meter is then placed between the anode and cathdde if» 
.will be found that there, is a difference of potential 
between the two plates and that the: direction of this 
electromotive'force is the reverse of that of the cuifent 
which was supplied in first instance by the battery. 
Thi 5 resistance is felled the back E.M.F. of the cell, 
or the polarisation^ resistance While the first type of 
resistance rcan be practically eliminated by placing 
the jplat&s close together, the „secQnd is* not a function 
of the cellResign, but a constant of the electrolyte in 
(Sie cell; therefore, to obtain electrolysis in a cell it 
is. necessary that tty: current must have*a certain 
theoretical .potential to overcome'the polorisation resist¬ 
ance of the electrolyte. * * 

0 • The minimum voltage to produce continuous elec¬ 
trolysis in a cell ‘whose resistance other ttyin that ilue 
to polarisation is negligible is given’ below for .various 
^aqueops solutions of bases, acids and styts containing 
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their chemical equivalent w^ghl in grams pefr litre > with 
considerable variation* in thfe degree? of concentration < 3 f 
th« soluttoij.it has’beeti found that thoge stations giyen* 
bstlow whose minijnufh - #oltage is'about 17 Require n<* 
appreciable variation in pressure to produce continuous 
electrolysis * 

Solution ol . 

Zinc sulphate 
Cadmium sulphate 
nitrate 

Zincbromicjf ... 

Cadmiutn chloride • . 

“"Orthcphosphoric acid . • 

Nitric acid . , 

gaustic soda ■. 

pota-h . 

4 ,ead nitrate 
Hydrochloric acid # 

Silver nitrate 

* Npw it has been previously, deducecf from Faraday 
laws that a current of one ampere for one hoqr should" 
produce 'Oi47*cubic foot of hydrd|;en (at 0° C. ancf766 
mm. pressure), but if a solution of Rustic spda wjts used - 
*the current would have had to be supplied*at 1 - 6t) volts, 
therefore 1 x* '’69 watt«hour proddtes ’cubic f6ot 

of hydrogen, or • * *» 

tooo < watt-hours proc^ufe -= 8-7 cubic foet. 

#* ^ * • 

But, at the. same time as the hydrogep is Unrated at* 
the cathode, oxygen is being liberated at the anode, and 
jjjftce from Faraday’s.laws the v(flume of oxygen is one 

iXlf of tlmt of jhe hydrogen, on tf»e electrolysis of a 

• * * 

1 Determined byoLe Blanc ; ^ 


Minimum Voltage for 
.Continuous Electrolysis 

. 2'3S volts 1 

• . . 2-03 

. 1^8 

i'8o» 

. 178 

. • i' 7 o 

* 1-69 
r69 

* 1*7 

* i - 5 * 

* k 


.’l 
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r < tr ' (' 

solution of'Caustic soda i&kiI<jwatt-hour‘(B.T. U) theoret¬ 
ically produces 1 1’ < ^ 

r f, 0 e p 

8 c 7 cubir feetfof hydrogep at o° Cy 760 mm. (?<j*92"). 
r and 4-4 r „ , t oxygen r , ' 

r * ^ 

The theory of electrolysis having beey' considered^ ii 
remains to describe' some of)the more important rtpplica 
tionspf this phenqmenon for the production of hydrogen' 
‘and oxygen. t f , 

'To refer a^fain to the, diagrammatic cell, if the 
distance between the anode and cathode is great tfye 
..resistance of the cell is'high, and consequently the pro¬ 
duction of hydrqgen is much below the theoretical; "but 
if, on the other hand, the distance between the two 
plates,^ small, ^he gases ^ibercPted are each contamiratecJ 
with the o?her, her.ce th^.design of a cell for the com¬ 
mercial production of oxygen and hydrogen has of 
KeceSsity to be a compromise between these extremes. 

‘A ljirge number of commercial cells put the anode 
r and cathode-comparatively close together, but,'in-order * 
" to ol^ain reasonably higffpfirity in the gaseous products, 
a pbrous partition is placed between the electrodes : this, 
"like increasing the distance between the plates, creates, 
a certain amdunt of resistance, but it has qne advantage 
of‘ther-|atter procedufe in that it makes for compactness, 
which is ver>,desirable in any plant and particularly so 
( in the .case of electrolytic.'ones, as one of the greatest 
objections,to-their user is the' flqor space which they 
c 'occupy. '• " c - 

A glance at the list of (patents at the end of the 
cfiapter &ill -show what an amount of (ingenuity has 
' been expended in the design of electrolytic plant for tRe 
production of oxygfcn and hydrogen. On accfount of 
‘this multiplicity-of differing cells it is intended qterely 
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* * ^ 

to describe the* following vihich are^ representative 
types:— .. • • I 

i! fc'ilter pres^type. 

2. Tank type. ’ * , , 

3. N,q^-porous non-copductirfg partition type. 

. ^4. Metal^partition t^pe. * , 

Section on Line A.B. • 



, tflG. 1S» 

Filter* Fress Type.—-If, in the d'agrammatig cell 
(Fig^ 15), a.plate of conducting material was placed 
between tjie anode and cathode and *he current switched • 
on, hydrogen would be liberated authe original.^athode 
•and oxygep at the original a*iode, by^ besideg <his 1% it* 
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would-be ftfuncj that on< the/side of the plate faciftg the 
original,cathode oxygen would'be liberated, while on its 

' '_ ' t f 

■ i * •• • r 


j «- 




\«r: % 






* 



other sfde‘ hydrogen‘would be given off ; thus it is seen 
‘that thfe intermediate plate becomes on one faCe an %node „ 


Fig. i 6. 
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and oi\the oth^-*a cathecfe. Farther, it will hg found that 

the polarisation or back, J.M.T. Resistance of tl/e ce|l 
frqpi the arigirtal aeod^to the original cathode is dfcubled ; 
thys the placing of a ppnductor,,to Whiclf np electrical 
connecttons have teen made, turns t|je originaJ cell into* 
two cells. ,Tfte filter press cdl is constructed on lines 
^analogrtus to the*above. t , ** • 

The filter press cell is composed of a series 0/ iron 
plates, whioti are recessed on githej side as shown in the* 
diagram k from which it will.be seen tfiat, if two of these 
[Mates are put, together, a space will be enclosed by them 
by virtue <*>f the recess. * • „ 

TTj «ach* plate there* are three 1 fluids, one at X and* 
„two along the .line AB rf so that, when* tlje plates ar£* 
pla&d together, the enclosed /ecess cotpd be filled with 
fatter by means of the hole *X. A small* hole com¬ 
municates Vith recess*and the holes on AB, but in the 
caseo/ one this communication js on the right-hanfl side 
•atdaile on the other it is on the left. Now, betv^een’any 
two plates is placed a partition, the shape*and holes iig 
which exactly coincide witTi'fhose in the plates,.,, The 
edge of this partition is, composed of rubber, while the 
centre portion, which is of the same size as the recess m 
the plate, is*n^ade of asbestos cloth. * 

If four of thesh plates are pressed tbgetfier,with*the 
partitions between, they will maks thhtg symmetrical 
cells wjiich can be filled with electrolyte by blogkirfg up 
tlje Ijole X in one optsidte platband runn«ig,it in through 
this hole in the other outside plate. Sinhe tfce asbestfls • 
portion of the partition* is porous, the electrolyte ^ill 
sfoon reach the same level in eSch cell. ' * 

Now, if a positive electric connection is made to onfe* 
outside plate and a negative to the other, What current 
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passes must^llow througfuheeleStiKJlyteapd consequently 
ejectr&lysis will*take place. yncejeach plate is insulated 
from thf: other by the rubber edgp of ,*Tie partition eqch 
plate becogie? on*one,face an Eyipde and on the othej,a 
cathode, ap was described in the diagrammatic tell, but 
the two plates which go tb make th<* rec^§*ire divided 
by the asbestos*partition, sfe the gaseso liberal have e 
little ppportunity of mixing. Since, a*s has been already 
‘mentioned, one of thp holps in the top of the plate is in 
communication with one side* of the recess and ^Jie other 
hole with^the opposite side, the hydroger^ and oxygcSt 
formed pass via separate passages to ‘different gas- 
•holders. . " « * • 

’** The description is applicable to all Alter press type, 
cells. .Jhe actual voltage of tlie’electricaj supply deter¬ 
mines the number t>f places which are in the complete 
unit, for the "individual resistances are in Series. Ib 

* 4 Q 

psactice, using a io per cent, solution of caustic potash 
as the electrolyte, the voltage drop per plate is 2'3-2 
,The t current density is generally about 18-25 arrfperes 
per sflyace foot, while thV production is j'9 cubic feet 
of hj'clrogen and 3 cubic feet of oxygen, at mean tem¬ 
perature, and pressure, per kilowatt-hour, the purity of 
the hydrogen being about 99'O per cent, and that of the 
oxygei»p7‘5 per cent/ 

The filtei«t,fessotype of cell has a considerable ad- 
vanfage,by being compact,*but, on the other hangi, since 

^ * ‘ ' ' - .> 

c * 1 The retson for tjie difference in purity is due W) tlyp fact that a 

small aipount of diffusion takes place .through the porous*partitions, 
ancksince on accost of its density the volume of hydrogen diffusing 
. ip to tlie oxygen will be greater than the amount of oxygeij diffusing '> 
into the hydrogen, the purity of the oxygen must o*f necessity f>e less 
v than that eYlfie hydrogen. 
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the w£ter and#gas tfghtn^ss o{ the individual ceHs de¬ 
pends on the rubber jp tb^ partition ancTon the method 
of^pressin^ die platen together, both these require, a, 
cqjtain amount of attftntjon ; probably a cell af this type t 
would inquire overhauling in theSe pa/ficulars about once 
i»every twjo* ?hid a*half months, if it were kept running 
^continitopsly. • * * 



^ Tfye following ipc probably the best-known conv 
mercial celk of this type : Oerlikon and Shrivf r. 

• • w 

^0 The Tattk Cell.-*— This type* of cell Ml *be readily 
f understodd by Jooking at the diagram (Fig. 17). It' 
consist? of a circular tank H madfc of dead fraid steel, 
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standing orf insulators fyl, wjth 2d annular ring jit the' 
top., 'In this tank an iron |yjindgr C v perforated with 
•holes, is* hunj* frojn the cast-iron, lid .of the^cell K Jjy 
jneans of an electrode *E. Betw«f* the side of the tayk 



thejtank, whiA is insulftted from b»th H af/d C, ha<f twq^ 
flanges O and N which form an annular sing. 5 t also has 4 
' two oirfte? pipes G abd F. ‘ * • 
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Th% annular space in th^tank H is filled Mth waiter, 
while the interior^ the tanlj is filled with a 10 percent.* 
sol&tion of aaustic $oda» in distilled wate/-. # * . • 

•The method o£ opertution of thfe cell is as follows: If, 
the negative Iqad of the circuit js connected to D, which 
is Tnet^-llicaHy fastened to the tank^body H, and the 
positive Wd is ccAiqected to E, electrolysis will take place 
and hydrogen will be liberated on ttfe side of the*tank t 
H, rising thfough the electrolyte iifto j|ie annular space 
enclosed »by the flanges N ‘and O on the lid K, from 
whence it is fr«e.to circulate to thy outlet pipe G. .While 
hydrogen is being liberated on the sides of the tank H,* 
oxygen will be liberated bn both sides df the cylinder C, # 
Srom^ whence it ‘will rise*yp, ultimately finding its way 
through holes «in the plate B.into theeannplar* “space 
enclosed by the flange N, arajjl thus on tp the outlet 
pipe F.„ , f . 

There is a trapped inlet pipe £not shown) in the covet 
TWor introducing further distilled water from "time to 
time, to replace that decomposed by the operation* «f»thq; 
process. • • * * •, 

The voltage drop between anode and cathode is 
•about 2'5 volts. ‘ * 

The outl 2 t^iipes Q and F anj usually trapped iq a 
glass-sided vessel, which enables the working qf *be cell 
to be examined. • m 

Fig.* 18 shows a tank cell of the International 
Oxygen Company, \ffiich is not'unlike th 5 ,di 5 ^rammati(j 
cell which‘has just been explained. Tests on four of 
thesg cells by the Electrical Testing laboratories J“jf 
rlifew Yorjc give the following figure 1 :— • 

^ Ellis, “The Hydrogenation of Oils” (Constalfle^l 
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that'of the hydrogen (from another test) 9970 per cent. 

The best-known plant of this type is that of the 
International Oxygen Company. 

1 C (: f O 0 

c The Non-Conducting, Non-Porous .Partition' 
Type .—T t his cell, which is illustrated by the diagram 
(Fig. ip), consists of a metal tube A, which, formg the ' 
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electrode and gas putlet, an^ whjph is made oWead where 
an acid electrolyte is ysed, r^nd of iron where an alkaline 
on* is emgjpyed. • Tips metal electrode is surrtmndfd, 
by*a glass or porcglaifi tpbe perforated at tTie«bottom. t 
The*re are four of these electrodes per cell, which 
arti arranged*^.s indicated in the diagram. When the 
purrent ’is swit£l#ed on the*gases are liberated on the 
electrodes within the glass tube ; consequently no mixing 
of the liberated gases can takaplac*. M 

The test-known commercial cell of this type is the 
Sfhoop. 


The* M&tal Partition Type, —ITi*»the preliminary 
description of the filter press type of ceil it was statecf 
that* a conducting partition lAtween anode and 
c&thode itself became on one face art anode and on the 
ofher face *a. cathode * this, howe/er, requires modifica¬ 
tion, ag.tt is only true when* th(j voltage drop between 
•tiNkori^inal jfnode or cathode and the njetal partition is 
less tRan the minimum voltagd required fcfr conypuous 
electrolysis. • ** • . * 

In the metal partition type of fell a metal partition 
* is placed between the anode and Cathoda This parti 5 
tion is insuladfi from the poles, is not so" jleep as the 
electrodes, atra is‘perforated on the lower edge with 
small holes \yhich, though reducing the t &X p ic al resist¬ 
ance, dg not allow of the gases mixing. • 

,T|>e best-knows* cAl of rtiis type -is the Gatuti, 
which, sipoe the true electrodes are only abotft half ar 


inch apart, gives a morel* compact cell than if a* nop- 
rctfhcfucting p*ahition iwere employed * . 

Since tfye vcfitage drop between electrodes is slightly 
less for the same electrolyte than* if a non-cotfductinj 

*41 
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partition were employe^ th^ yield is .good, bein)r about 
6*i,Cubic fee? of hydrogen^ at rpean r temperature and 
( pressure per kilowatt-hour. The current density j» as 
„ high as 25 to 28 amperes per squire foot, using a to<per 
cent, solution of cyustic soda. 

The advantage of this type of cdl is ifs' oompactness, 
due to the small distance <foetween r tl(d electsddes, ant} 
its lightness, due'to the fact that it is made throughout 
(with the exceptjpn of the insulating strips) of mild steel 
sheet. However, the small distance betweeij the elec¬ 
trodes. necessitates care being taken t;o,prevent an Vn- 
• ternal short circuit in the individual cells/ 


( f , 

CastneivKellner Cell. —Besides those cells already 
described, the, object of which 1 is to produce o/ygen 
and hydrogen, there ^tre some which, though, nbt 
designed for the production ol hydrogen/’yield it'as 
a by-product. 1 ( '., 

'Probably tl?e most important of the&e electrol^t&H 
;_prqr.pspes yfelding hydfogen as a by-product ‘is the 
Castner^Kellner. The Primary purpose ,of this process 
is to make caustic ^oda from, a solution of brine ; but 
‘both hydrogen and 'chlorine are produced at the same-, 


time. 


V* 

unde 


( • ( , < 

T<y; working of this process can 'be understood from 

the diagramming. *20). , 

( The plant consists of "a box A, divided iqto three 
corrtpartmants by the partitiorth E> which, however, do 
not touch the bottom of the box A. On .the floor of 
this box there is a layer of mercury, which is of sufficient 
depth to make a fluid Sseal between the 'compartments., 
' In the. two end compartments there are carbon elec¬ 
trodes,Connected to a positive electric supply, while in. 
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the middle thdfe.is an iroi^ele^trode, connected jo the 
negative supply...Oije side 4 of the box A is carned,on*a 
hillge H* while the ather is slowly liffed^up arfd dojvn# 
b)»an eccentric G, wTiinJi gives a locking mcrtion to th^ 
contents of the box. * • : 

% 'y | 

" In the* two erfd compartments^ placed a strong 
•solution «of brirfc,.while tht middle is filled with water. 
Op the current being switched on* electrolysis* takes 
place, the cTirrent passing from th@ positive carbon elec¬ 
trodes through the brine td the mercury, and from the 



mercury to \\J. negative electrod^in the,ce«tre compart¬ 
ment. S , »* 

- Now, cqftsidering one of the end cofflpSPfment^ by 
"Tfte* splitting up of the sodium chloride, chlorine will ty 
liberated at the positive electrode, and^wfll ultimately 
pass out»£(t It, to be used for making bleaching powder, ' 
or £or some other purpose, while sodium jvill be de¬ 
posited qn tTie merdiry, with wfiicl^ it will amalgamate^ 
Ojvingio tHe rowing of the box, the sodiunTrnercury 
, amalgam will passj into tfie qgntre coippartmen\, wherg 
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it is dpcomjfosed at the n^gatjfve electrode, in accofdance 
with the following equation j—* f ,, 

r * : « 2 Nii + 2 H,0 = zNaOtt +”h 2 . 

t ‘ ‘ t * * c * 

Thus,; by the* operation of the process, chlorine is 
produced in the end compartments* and' r caustic scda 
and hydrogen irt tHte centre pne. (| c ^ c 

Tjje following,patents have been* taken out for the* 
■production of hydrogen elpctrolytically :— 


Germab patent 
English 


Delmard. 

Garutu 
' Baldo. ^ „ 

, Garuti. 1 U.S. 
Garuti & Pofnpili. English 
„» , K t U.$. 

Schmidt. t German 

H^zard-Flatnand. \j.S. 

' Garuti & Pompili. English 


. 1 *•'<* t* 

»» »> 

’V * 

,, 

27249. 

1903. 

V^r6ille. 

French 

t) 

355652 . 

‘ 905 - 

»» 

<U.S. 

v n » 

823650. 

1906. 

* Aigr^r. ‘ 

German 

,, 

198626. 

1906. *' 

Cowper-,Gol(js. 

English 

>t , 

V4285. 

1907. 

Eycltfen Leroy & 

, MorTBP^S' «* 

F rench 


Nu 

397319 - 

1908. 

1 Schutkert. 

German 


2 3 I 545 ' f 

19 (by 


& Collins. * U.S. 

*Mo*ritz. t # „ t 
Pfozard-Flamand. r ,, 
L’Oxhydrique 
Francaise. , French 


5828a, 
„ 16588. 

5 8406. 

5342 59 ' 
23663. 
629070. 

I I 1131. 

r 

646281, 

12950c 

2820.. 


10042*49. 
981102. 
1 00345 ^ 


1890. 

189 V 2. 
1895. 
i 895 - 
189&' 

1 899- 
1*899. 
1900. 
i 900.' 

1 9 f 9 fr 


1911. 
69 ij- 
191 ¥. ' 


459957 - 5 , 9 12. w 
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Benfcer. • 

• 

Knowles Oxygen 

1 , V 

F>enc|ji parent 

• • 

F # nglisti 

46J981. 

% Co. &,pfant.. 

^ 8 1 2.' 

Jlaschinenfabrilj 


• 

Surth. 

French * 

• ' 4 62 394 - 

•Burdett. * *’ • 

U.S. 

1086804. 

Ellis.*. *, 

1 * 

»» 

9 »» 

1087937. 

1» * t 

• 1092903. 

'Levin. • 

• • 

j 094728. 


# I 9 I 3 - 

* • 

» 9 U-. 

i 9 > 3 - 

1914. 

T 9 ! 4 ' 

1914.' 
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, * APPENDIX. 

PHYSICAL*CONSTANTS, g 

6 • ^ ' « 

PHYSICAL Pftf»PERTIES\0^ HvDROSF.N. 


eritidtl ftmperaturA. . » . - 234° C. 

* pressure . .20 atmospheres. 

Mefing.p^int at atmospheric pressure, - 259° C. W raV erviqo*. # 
Boiling point ,, - 252-7° C. I * ^ •*» 

** • • • 


Dknsity’oi- Liquid Hydrogen. 

At boiling ^oijt.• . -87 

At melting 


ig o/nt « » 


• -oJ6 < 

1 • 


Temperature °C. 

- 258-2 

- 255 jfj-!$ 5'7 

-25*0 

- 25 f 3 

-2437 

--j- 

r -* 53*2 

Pressure mm. # 

• 

i< 5 o 

200 1 300 

400 

500 

> 600 

fao 


-*52-9, 
760 j 


• i f » * 

Lauknt Heat of HvrfkoGEN. 
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i c , 

■Oensity of e GAssous r Hydrogen. 

.At o° C. and 760 urn. , 

( f 1*1 

, ' '08987 grm. per litre, <• r 

. 5'6°7 lb. per 1000 cubic feet. 

r ' ' 

Specific Hf.at of Gaseous Hydrogen. 

At ccmstanf pressure. »■ . < . ' 

At atmospheric pressure . 3'40C' | 

. , Lussana, r8qjv 

30 atmospheres . . . 3788J 

At constant volume. < 

At.So°C.2402, AJoly, 1891). 


Velocity of Sound 1 in Hydrogen. 

At o" <1. — i2\S6 x 10 4 rm. c per see. (£och, 1860). 

1 c 

Solubility of^Hyorogen in YVater. .. ' 

' '• < 

The coefficient of absorption is that volume of gas 

(reduced to o° and 760 mm.) which unit voiu.r.euof u 
liquid ‘will take'up when the pressure of the gas at^cfie 
‘ surface of the liquid, independent of the vapour pressure 
of jibe 0 liquid, is 760 nv-n. ■< 


Temperature. 

Coefficient of 

Temperature. 

Coefficient o 

0 c.,. 

Ateorption. 

"C. 

Absorption. 

O', -v* .’ 

. . -02148' 

-‘J CN 
O O 

•0144 2 

4 10 . f * . 

■ ■ '^S 1 

•0146- 

20 A <* . . 

,. '01819' 

80 , 

0149 2 

t 3V*". 1 ~ x —+ 

■01699 1 

90 . . 4,. 

'0135 2 

40l. . . 

. . "01 S2 a ‘ 

IOO . . . . 

•0 t 6 T 

l 5 ° • .«• • 

G 

. 014 V 2 

<. 

1 , 

I RANSPIRATION OF GASEOUS H YIIROU, 

N. 

1 Oxygen 

o* 

i' 

(’ t. 

I'A. 

c Hydrogen 

1 

. . . 

-44 x 


.. W 1 - C 

t J Winckler (Bpr., 1891, 09). • 

- Bohr aUd Beck, (Wied.^Ann., 44, 316). 

4 *<-/<. v V 0 
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DROGF.N^ 


* Air ‘V 

Hydrogen 


■ 000 ) 
* 47 i I 


Ramsay & Travers. 


^^Relation.'jiitp Between PgEssuifE and Volume.^ 

^ Wefq, Boyle* Law correct then ‘the* protect of the 
pressure multiplied by the volume would be a constant; 
however, Boyle’s Law is only ;yr approximation, all* 
gases ne^r to their critical temperature being much more 
expressible jhan the law indicates. At atfliojpheric 
temperatufe life common gases, such as oxygdh and 
nitrogerf, ar? very^slightfy more compressible than would' 
bii^e xpected frorft theory. ^ Hydrogen and jielium under 
the same conditions are less lompressjJMe, hence Reg- 
flauk’s description of hydrogen sfe “gas plus que 
parfait”. * % \ + * 

• -^Tha^lehaviour^of hydrbgep at low pressures (from 
•>53* to 25 fnm. of mercury) was investigated,by* Sir 
William Ramsay and Mr. E* C. C. Baty, who Jpund 
that, at atmospheric tempaJSture, Boyle’s Lawpheld 
throughout this range qf pressure^ 

0 The relationship between volufne and^resstfre wheTi 
the latter is^r.lat has been invest^ated by JTmagat arf 3 
Witkowskj^hose results are incorporated in yfyt* graph 
(%• 2.), yhich shows the relati^qshjt, bt'Jwwn the 
Thsftreycal volume of hydrogen which should be qbttyrtkd 
oq expansion to atmospheric pressure und that l^hidj 
is obtained from a standard hydrogetf cylinder. ^From 
this it is seen that, on 'expansion frpm 2000 lb- wa 
m square iijch to atmespheric pressure, (^ftpeT cent. ? m^ 
* volumg of .hydfogii is obtained tfian is inefeate'd* tjj 


.^theory. 
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„ J3)jj>U)n3 Uj ptJ3M/>p uaSojpty »uir>/0^ 0 % 

!t?8 8J8 ( ?8?*'!SSaS» 



2 2 w 9 9 9.2 oooooooooo' 

^ fin. y D*qr?Q u; pjjgA^p udSojpFp 9ujn/o/\ ^ 


‘Tj4K JoULK^rilOM^oNnEl'I'KCT, 

Down'to at least - 8o° C. hydrogen on expansion by 
sitjiple outflow, rises in temperature, which Js unlik^ all 
^other gases with th^ poSsible exception of helityn. Tile 
variation^m temperature for drof^ in pressure qif unit 
jttmospffere for t^r and hjidrdgen is j^iv t en below : — 
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a » 


•S'. 


» 

°C. 


Air 


i 


HydmgeTi 


t 


j 17-1 
I 91-6* 
/ <*S 
£)°'3 


1 Vaction per * 

!» Atmosfljieric Pressure., 

•> 1 

, - o' 2 S 5 ° c. 

, - 0*203 & 

+ 0*089 
9 4* °*°^ 


Lift of Hydrogen. —Lift of* rosso cubic feet of 

■fdrogt^I^!“ . 

n 5 • .460 + I 

• « • J 

« **■* ’■* 

fhere P g= Purity of hydroggn by volume expressed in percentage.* 

B = Barometric pressure in inches. J ’ 

T = Temperature of 8k in degrees Fahrertheit on the dry 
thfjmgmeter. $ f ’’ 


ti W .0 

t This fprmula is correct. if tl*^e a»r is dr)9 If it is wet ^ 
i smalkcpfrection tpust be ripphed, which isgiven^n tlpe 
ioTfttfTug ctyve. * ’ 

TJk purity of the hydrogqt is expressed by volume 
on’the asS&ttiption that the®i^j>purily is air or spnje pth^r’ 
gas of the same specific^gravity’as air under the*same 
conditions ; if the impurity is not rfir due jdlowapce must 
be made. m f * * *-—**»* > 

Correctigp for Humidity oft Air.— Tfttj attached 
curve givesthe correction which imist be e mploy ed in 
jh€ lift forn/ila for humidity* of the atmosphere. ‘The 
drrferefice between tjje temperature of tf\e ajr on the wet 
aitd dry thermometers is found on thtj lett-hapd side df * 
the grajfh ; the temperature of the air as shown on the 
(ki^*thermojnjfeter is found on $he bottfi^i;*find whfcre 
perpendiculars , frojfi these two points, intersect and ' 


these two 
1 foule ai^l Lord Kelvinif 
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estimate tha yjilue of the f correction from the posiflon of 
the point of intersection relattV§ tO ( th^curved lines. 

■ , Example.-— Let the air temperature be 0 ^ «• # 


f Dry. c 
, 6 o° F.c . 

then dififeg^n 


• Wet r 

. • 5o ff F. , 


feorfnce is 10 F., and the intersection of the 
iculars is Jjetween th\ curved lii|.;s ‘35 ^nd '4 at* 


perpendiculars is^t 
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- Ter^perat&re of Dry Thermometer in Ft* 

Flp. 22.—Coft-fttioti for Hunji^lity in lb. per 1 oo^Cubic FeeV 

t • t . 

^ position Whifii may b<? estimate# at '36 Vo. ; therefore 

•36 lb. mAt be subtracted from the lift per tujoo cubic 
fe^t of hydro^rf as determined by the formula when 
the temperature of £he ftir by the cky therrftoryeter was 
%o" F.«*rtTd the'differ^nce between ^Lt and cjj-y i<^ F. 








INDEX. 

i 


AbsorAipn of hydrogen by metals, 15* j hlectrolysR, tdb. W 
a:. nf, ”1 . /: Exnlosions of mixtures If 


®Air, comjxisftion of, 

— Hydrogen in, 7. 

Ruminal process, 4.). ' 

Ammonia, 26.» 

— absonrtion by charcoal, 2(j. 

— liqueTa^uon, 29. 

^•properties, 27. . 

— solubility, 28. * , 

— uses, 27. * • • ^ 

Arsine, 32., * 

— production in Silicol^irocess,^2. 

Bauische Catalytic prSiess, rot. 

-patents, 106. 

_-plant, 105a 

0 -preparation ofxatalyst, 103. 

Betfflus process, 63. 

-» — patent* 1 ,66, 

Soiling pgin^f gases, 11 ^ 


j f Explosions of mixtures i 
oxygen,^ 


[ hydrogen and 

% 


Eat hardening, 35. 

I*fro-silicoil750. 

Heat ffoduced by ignition gf hydrogen 
jnd oxygen, 17. • • 

| Hydrik process, 44. 

Hydriodic acid, 24. 

Hydrobromic a*id, 23. 
j Hydrochloric acid, 2t. 

Hydrogen and atftepc, 32. 

- bromine, #3. 

JU carbon, go. 

—J- chlyine; 21. * 


line, 24. 

j — W ifllrogen, 26* 

— * oxygen, 9. 

4 ---'phosphorus, 30. 

— — selenium, 25. 

— — sulphur *24. • 

-J — tellurium, 26s 

mu.cu. __ I — physical constants, 145* •” * 

Centrifugal sepSfcttion of hydrogen, 124?^^ production. See ftroductjpn 

- - • •* .ft t ^ hvdro^e 


irogen, 145 
ivdrogej in, 4. • 

CAt,ctt*t«iydride, 34. 
Carfeonium-C^eljschaft process, 10S. 
Centrifugal sepaftttii 
Cerium hydride, 3f. 

Clays, hydrogen in, 7. 

Critical pressure, 114. 

• of hydrogen, J45 


— temperature % n 4. 

-of hydrogen, I4 i. 

Density of ga< 85 ms hydrogen, 145. 

— — liquid hydrogen, 145. 
DUmsion, separ 

■■Nieai. 

Discover^ of hydrogen, 2. 
Drapeneffect, 22\ 


ELBCTROI.Y2T# Celts— , 

Castner-Kellner cell, 142. • * 

fih^ press type, I33. 

Jmetal partitioif type, 141. 
non-condvftting, noj-porjlis partition 
type, 140. 1^ 

patet<fc, 144. 

at tank cell, 137. ) 

* * *• I Kll 


_ hydrogen. 

Hydrogenite process, 60. 
Ilydroljjil process, 67. ^ 

Ignition tempera<hr«srfW;#ro' 
o#gen, 10. , we . f 
Iron C%tact process, 56l * » 
Fuel consumption, 97. * t 
Oxidisii%, go.# e~ 

[on of hydrogen byJ - Patents, gfj. m - * 

” Plant— 1 

Multi-retort type, 93. 
•Single retorf^pf, 95. 
Purging, 89. 

Purification of hydrogen, 90. 
Reducing, » 

Secondary rs^ions^gr 


Sulphuretted hydrogen in, 93. 
JoULE-Thomson effect, 

i • < 

INTENT heat ff hydrogen, 14. 

.1 f * * 



manufacture of hydrogen 


152 

Lift of hydrogen. H 9 - 
Linde-Ffank-Baw ti.ocess, H 3 - 
—5 patents 12i. . 

—r purfication of gan 120. 

Lithium hydride, 33 - 

f • 

MaONESIUM hydride, 34. 

Manufacturing processes-'- 

, Badische Catalytic, toi. 
‘VLjrpius, 63* *- a, 

Carbonium-C ^sellschfift, too. 

Electrolytic^- 
Ilydrik, 44. 

Hydrogenite, 60. 

Hydrouth, 67. 

Iron Contact, 86. u 

Linde-Frank-CarruJ * 3 - 
Sicat, 6g. ' 

Siticol, 45. . 

Meteoric Iron, hydrogen in, 3. 

Occurrence of hydrogev, a- 

i .-.lie hv< 3 r<viyeil Ill 


producfon from Cater and ikyninium 
, amalgam, 69. 

;L__silicide, 68. 

| _ _ — metallic hydrides, 66. 

P_— metals, 61. 

|__ _ h*. lrocarbon oils, [T0 - 

!ll II steam’and barium sulphide, too. 

1 _ — — iron, 86, 

; . water 01. 


^efractivit^ cS hydtogtt 
nocks, hydioge, in, 3. 

’ StuiNURHTTKO hydrogen. 25. 
Sical process, 69 - 
‘Silicol process, 45. rt> 

composition of.slunge, 55' 

lime, use of, 55 , L 
! minerp’.greaae, li£ e of, 57 - 
patents, 59. • - , 


47 - 


Occurrence of hydrogen a. | piaf.t, 47. , 

Oil and gas wells, hydrogen m dis g 1 p tecau tions Vj be taken. 57- 

Irotn, |> , , I miity of hydrogen produced, 45- 

Oxygen, explosion r I hydrogen and, 14. V , h ol caustl c, 52. 

- y heat produced by ignition of hyij o-, T „ 

gen and, }7- I , I 1 Solubility of hydrogen in water. 

_ ignition temperature 0C1 h y dr l n cn ! | oun d velocity in hydrogen 146. 

and, 10, 15-71 ... *n r [ Spec iu'c heat of hydrogeif, 146. 

, _ reaction of hydrogen with, 9. { . s „ io huretted hydrogen, i?f- 

h r i __ L rem Ival from water**, w** 

PHOSPHINE, 30. 1 I 1 t 

— aefioiym metal*. 3X4 I LV ,. K . rTE n hydrogen, 26. 

KSKSSSS?©** ■«-' " 

{stewsss* 

Ptodicf.on of hydrogen, 39. 

t . _TOfl. 


yUdViiv.. " Q 

. from acetyline, io». 

— acid find iron^ 4 °- 
. _ a;id ",cd zinc-, 42. 

. al 4 alkSii af.i. hlummium, 44 ; 

__ 1 Wuon% * 

„ __— 'formate, 60. r 

_ __. - - oxalate^ 6t. , 

_ Silicon,;'!. 

_*-zinc, 43 - 

__wa-ei and aluminium alloy. 7 l - 


j VoccaNors, hydrogen in gases from, 5 - 

I \Vaie* gas manJiactyie. 72. 

_ Oellisc'ck method, 75 - 

I #4 -t'A.l. ~,4.fVieSri *7,1. 


- English method. 74. 

■ Swedish met..ad, 75 - 


H romovaloUulrurettedhydro, 

from, 84. 


,en 


APS RDHMli T >4 V* V *^ 8 ' TV - 


?RF»S 








